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Fig. 1.—Aurora Boreolis observed at Orleans, Feb. i, 1872. Pig. 2.—Aurora Borealis observed at Orleans, Feb. 4, 1874.

THE NORTHERN LIGHTS.
By Geokge AVill:.\m vox Tlnzelm.vxx.

SOME of US have seen, even in these latitudes

on certain rai-e occasions, beautiful arches of

lijrrht stretching across the heavens, rapidly changing

in form and colour, with now and again bright rays

flashing out perpendicularly from them. (Frontis-

piece and Figs. 1, 2, G, 7).

To observe these phenomena, however, in all

their beauty, we must pay a visit to higher lati-

tudes,* where they are seen much more frequently,

and in far greater splendour.

These apjiearances are most generallyknown as the

Northern Lights, the Meny Dancei-s, or the Aurora

Borealis, owing to the fact that the high northern

* They may be obseri-ed in greater r>erfection in moderately

high latitudes than in the extreme north. For instance, few

auroral displays were witnessed at Floe Berg He.acli, in Smith'.s

Sound (l.at. 82", 27' N.) during lH7r>-0, when the Alert wintered

there. The Arctic Aurone are also of a pale straw-colour, re-

flecting more light than what one sees in the North Sea, where

the usual phenomena witnessed consist of a brilliant arch ex-

tending from one horizon to another, with re<l and yellow

Hashes. " I remember, on returning from Beechey Island in

the month of Sei)tember, a<lmiring the North Sea Aurora as

a more showy phenomena than the modest V)ut U-autiful

Northc-m Lights that we ha<l been accuBtome<l to ice during

our two winters in WL-llingt.t>n Channel." [Captain May, R.N.)
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latitudes have been much more visited than the

southern. The same phenomena, however, are to be

seen as we go southwards, and so they ai-e sometimes

spoken of under the name of the Aurora Australis.

We have chosen the most jxipular name for our title,

though perhaps the most appropiiate one that has

been applied to them is that of Aurora Polaris,

As few of those who read this will ever have the

opportunity of actually visiting cither the northern

or the southern polar regions, let us imagine ourselves

for a brief season to be \ipon the deck of a vessel

far away in the north—let us say in the autumn,

just before the approach of the long Arctic night.

As we glance roun<l, all looks cold and bleak. Tliere

is light enougli for us to see on ever}' hand the

fantastic forms of the icebergs looming up in the

darkness. We hoar the gi-inding of the bergs

together, and cannot suppress an uncomforUible

ftf'ling as the contingency presents itself to our

mind of the ship getting agroun<l between two of

those huge floating ice i.slands.

As we look, the scene changes as completely as

though a magician's wand hail tninsferred us to one

of the jewelletl palaces of the Arabian 1^'njhts. We
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see arclies of light stretchinsr across the heavens

from east to west—sometimes remaining stationary,

and sometimes moving slowly towards the south.

Rays of light shoot out perpendicularly from the

arches, and if the arches are below the horizon we

only see these rays, which, though really parallel,

often appear as an effect of perspective to meet in

a point in the zenith. These rays very seldom

remain stationary, but shoot upwards towards the

zenith, at the same time moving eastwards, often

with a tremulous, snake-like motion from end to

end, till sometimes they cover the whole sky.

If now we turn our eyes from this magnificent

sight to look down again upon the surrounding mass

of bergs which just now looked so weii'd and gloomy,

we can scarcely believe that they are the same, for

now they throw back to us in a thousand colours

the light that flashes on them from above, and the

peaks and pinnacles of the bergs appear to be set

with jewels of the most varied hues and the most

dazzling brightness.

The rays appear in the most varied forms and

patterns, in one of the most beautiful of which,

though seldom seen, the rays seem to hang from

the sky in folds like a mantle.

It is at present rather doubtful whether the

auroral displays are or are not accompanied by any

sound. Many observers have asserted that duiing

an aurora they have heard crackling and hissing

sounds ; and some experiments made by M. Plante,

to which we shall presently recur, as they throw

great light on the theory of the aurora, decidedly

support this view. On the other hand, some of the

most eminent polar explorers * have listened in vain

for these sounds, and have given it as their opinion

that what was heard was merely the breaking up of

the ice, and the grinding of the icebergs.

Having now in our mind the appearance of

these northern lights, we Avill repeat a well-known

laboratoiy experiment. We take a glass cylinder,

covered at the ends with brass caps, one of which

is fitted with a stop-cock, which we can screw to

the plate of an air-pump. To the brass caps we
now attach the terminals of a powerful induction-

coil, but as yet we perceive no result. We now
begin to exhaust the air from the cylinder, and

as the exhaustion goes on we soon see a soft,

tremulous light beginning to play about the ends

of the cylinder; and this, when the air is suffi-

* Among others, Sir George Xares and his companions, who
also considered that the faint auroral displays seen from their

winter quarters were "in no way connected with electrical or

magnetic disturbances."

ciently rarefied, gradually extends right thi'ough

the cylinder. As we continue the exhaustion, these

I^henomena will be reversed, the light gradually

dying away as the exhaustion increases. We shall

at once perceive how very much this resembles an
aurora on a small scale, and so we have electricity

suggested to us as the agent which produces the

aurora.

Now, before we pursixe further the path of inquiry

which this analogy opens up to us, I should like

to point out that when we speak of magnetism

or of electricity we are really speaking of the same
agent. Of the inner nature of electricity we are at

present in ignorance, and we do notknow exactlywhat
change a piece of iron or of steel undergoes when
it is magnetised by being brought under the in-

fluence of an electric current; but I may mention that

a coil of wire, with a cui'rent passing through it, be-

haves in every way just like a magnet. (Vol. I.
, p, 47).

Now Ave all know the great discovery made by
Sir Isaac Newton, that every portion of matter at-

tracts every other portion with a force which depends

upon the masses of the two portions of matter, and
upon the distance between them. To fix the ideas,

suppose one of the portions of matter to be the

earth, and the other a body, such as a balloon,

moving near its surface. Then if the balloon rises,

the attraction of the earth iipon it diminishes

;

while if the balloon falls, the attraction increases.

Thus the force which the earth exerts upon the

balloon varies in intensity in a way which depends

merely on the distance of the balloon from the

surface of the earth. We may say, then, that the

balloon is moving in a field of force of varying in-

tensity. The action of this force at every point of

the field is to pull the balloon perpendicularly

downwards to the eai-th, and so if through any
point of the field—that is, any point within the

sphere of the earth's attraction—we draw a line

perpendicular to the earth, we shall have what is

called the line of force through the point.

Now, if we take a magnet of any form, it will be

in the same way surrounded by a field of force, and
the shape of the lines of force, and the manner in

which the intensity varies from point to point will

depend on the form of the magnet.

In this case the line of force at any point is the

direction in which a magnetised particle would tend

to move if it were placed at that point. The lines

of force in the neighbourhood of a single pole, or

of two poles respectively, may easily be shown by
placing a card above one of the poles of a bar

magnet, or over the two poles of a horseshoe magnet,
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ami sprinkling iron filinj^s upon it, when they will

niufjje tlii'in.sclves along the lines of force, which in

the first ause will nuliate from the single pole, iintl

ill the second c:use will arrange thcnisi'lves in a scries

of curves, which are delineated in Fig. 4, p. 183,

Vol. I.

Now tlie eai-tli is a gi-eat magnet, and the direc-

tion of the line of force through any point on its

.suiface is easily found in the following nuuiner.

We fii-st take a needle, and susi)end it iu such a

manner that when magnetised it will turn freely iu

a horizontal plane. If now we take a line on the

earth's surface through this point in the direction

in which the needle comes to rest, we get what Ls

called the msignetic meridian at that jKjint ; and the

angle between this and the geogi'a2)liical meridian

is calletl the declination.

We next balance a steel needle very accurately

uf)on a horizontal pivot, and place it so that it can

turn freely in the vertical plane pa.ssing through

the magnetic meridian. We shall find in these

latitudes, that when magnetised, the north-seeking

end of the needle will }x)int downwai-ds at a con-

siderable angle to the horizontal, which is called

the angle of dij), the needle Ix'ing called the

dii)i)ing-needle.

The dii-ection of the neetUe now gives us the

direction of a line of force, and we find that the

lines of force start from near the ix)les and rise

to a great height above the suiface of the earth

near the etpiator. Now, the rays which are seen

in the auroi-a are always parallel to the dipjiing-

needle

—

i.e., to the magnetic lines of force, and tliLs

is another indication that electricity Ls in some

way or another the agent in auroral displays.

The rising upwards of the lines of force as they

approach the equator gives us one reason that

aurora." are .seen more often, and to greater advan-

tiige, a.s we approach the poles, for the lines of force

rise to such a height that even if the display took

j)lace so high up it would become morc and more
difficult, and at la-st impo.ssibIe for us to .see them.

Most probably, however, th«! displays would not

take pliice at these gieat heigiits, owing to the

•xtreme i-arefaction of the atmosi)liere, just as we
found in the ca.se of the exhausted cylinder, that

when the exhaustion w;us carried b<!yond a certain

point, the discharge took j)lace with continually

decreasing intensity, and finally ceasi'd altogether.

Probably some of my readers have noticed that

when the cun-ent front a |K)weiful induction-coil

wa-s Ix'ing sent through the so-called vacuum tuln's,

wh'ch are really tubes filled with rarefie<.l g:i.s, a

t«-mlency to stratification, or the formation of striai,

was distinctly observable. With si>ecial appliances,

only in the hand.s of a very few scientific workei-s

—

such as Mr. Warren de la Rue's chloride of silver

battery, or Mr. Sj>ottiswoode's lai-ge induction-coil,

furiiLshed with a contact-brciiker which works with

gr»'at regularity, and, if desired, at a very high

sjKjed—these striie can be obtained with a j)eifect

distinctness and uniformity, looking like a row of

discs placed at regular intervals one in front of the

other, and can be made to remain stationary or to

move slowly or rapidly along the tulx;, by altering

the electrical resistance of the cii'cuit or the sjKjed

of the contixct-breaker. These stria' arc exactly

amilogous to the arches in the auroi-a, for the arches,

;us they ai)[)ear to us, arc in i-eality cii'cles concen-

tric with the magnetic pole.

Again, the intensity of the magnetic force at any

place, the declination, and the angle of dip, are

subject to variations, some of which are jMfricxlic

—

diurnal, annual, and some of longer perio<ls ; and

othei-s are sudden and irregular, and brought about

in a manner about which we know very little,

though comparati\ely recent researches have shown

us that these sudilen irregular disturbances, or

niiignetic storms as they are called, are very closely

connected with the .solar storms which .show them-

selves to us as sun-six)t.s, and with the nature of

which we are giiidually becoming actpiainted

through the wonderful revelations of the spectro-

sco|)e. We should therefore exiHjct the auroral

displays, if really magnetic phenomena, to .show

some connection with these magnetic storms ; and

as a matter of fact we find that auroraj are only

to be seen during the prevalence of these magnetic

storms.

Tlie magnetic stonns are not by any ineiuis only

to be detected by means of sj)ecial instruments

for observing changes in intensity, dt^clination, iUid

dip, or a.s we usually say, changes in the magnetic

elements ; for when these stonns arc at all con-

siderable, strong currents are pro<luced in the

telegraph-lines, and in .some instances the tele-

graph operators have been obliged to cea.se work-

ing the line during the prevalence of the magnetic

storm.

Auroral displays usually take place at a great

lieight" sometimes as high as 300 miles— while

their average heiglit is over 100 miles. At such

heights the air must be extrc'inely rarefied, and we

should \Mi disjMJsed to exj)ect that the electric dis-

charge could not t^ike i)lace through it.

Let us now ix'turn to the laljoratory, and seo
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whether we can make any experiment which will

throw light u^wn this difficulty. If we send

the electric discharge through one of the so-

called vacuum-tubes—choosing one which consists,

throughout part of its length, of tube which is

much narrower than the main portion—we find

that when the dischai'ge is passing the pressure is

gi-eater in the narrow part of the tube, showing

that in some way gas is being carried along by

means of the current, and Professor A. S. Herschel

suggests that in some similar way air may be elec-

trically carried up to these great heights.

When the light of the aurora is examined by

means of the spectroscope, it does not simply give,

as might be exj>ected, the spectrum of rarefied aii-

;

but the chief feature of the spectrum is a single

greenish-yellow line—a spectrum which is totally

different from that of oxygen and nitrogen, the

gases of the atmosphere. A red line is also fre-

quently seen in the spectrum of the aurora, and its

brightness seems to vary in an inverse ratio with

that of the green line. Besides these two chief

Hues, some fainter ones are generally discernible,

which appear to coincide with those which are seen

in the spectrum of rarefied atmospheric air.

This variability in the spectrum shows us that

the light must either come fi'om different sources,

or be produced under varying conditions. Now,

it is a tolerably well established fact that many sub-

stances give a peculiar spectrum when undergoing

decomposition—that is, when the elements of which

they are composed are passmg out of an old com-

bination into a new one. This suggests a veiy

probable explanation of the i>eculiar spectrum of

the aurora ; for if, as is most likely, the electric

discharge takes place between particles of ice or

of water, there will be a decomposition going on

at the surface of these particles, just as in the

laboratory we are able to effect the decomposition of

water into its constituent gases by passing through

it a current from a galvanic battery, or a magneto-

electric machine. Some experiments made by
M. Plante,* throw so much light upon the pheno-

mena of the aurora, that they cannot fail to interest

the reader. In these experiments the author

studies the behaviour of the electric discharge from a

powei-ful battery in the presence of aqueous masses,

so that the conditions are assimilated as nearly as

possible to those which occur on the large scale in

these polar lights.

A glass vessel is partly filled with salt water, and

the inner surface of the vessel above the water is

moistened with the solution. The \vire from the

negative pole of the battery—or as it is usually

called, the negative electrode—is now immei'sed

beneath the surface of the liquid, and then the

positive electrode is put in contact with the moist

sides of the vessel. If we begin by placing the

positive electrode in contact with the side of the

vessel at some little distance from the surface of

the liquid, and gradually lower it towards the

liquid, a series of phenomena are seen, presenting

a most complete analogy to the jxjlar lights.

First we have a wi-eath of light completely sur

roimding the positive electrode, as is shown in

Fig. 3. As we lower the point of contact between

the positive electrode and the side of the vessel,

this wTeath gradually changes into an arc of light,

with bright i"ays darting out from it, as in Fig. 4,

and then this again changes into a sinuous line,

which continually folds and re-folds upon itself

with a wriggling snake-like motion, which exactly

represents on a small scale the serpent-like undu-

lations frequently seen in the auroi"al light. Fig. 5

will give an idea of the appearance of this sinuous

* "Comptes Rendus," vol. IxxxiiL

Fig. 3.—Showing the Wreath of Light
completely surrounding the Positiye
Pole.

Fig. 4.—Showing the Wreath changed
into an Arc of Light, with hright rays
darting from it.

Fig. 5.—Showing the Wreath changed
into a sinuous Line with bright

rays shooting from it.
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Fitf. 6.—Aurora Borealis obeerred in Alaska, Dec. 27, 1865. Fig. ".—Aurora Borealia observed at Brevillepont, Sept 26, 1731.

line, with the bright rays shooting from it into the

liquid.

The presence of salt in the water renders it a

better conductor of electricity, but at the same

tiine^ it causes a great predominance of yellow light

in these experiments ; we can, however, [)erceive

puq>le and violet tints, similar to those seen in the

aurora, at the parts where the condensed vafwur Ls

least charged with tlie sjilt. The rays which are

seen darting out from the luminous arc are due

to the penetration of the electric discharge into

the liquid, and are an exact reproduction upon a

miniature scale of the blight i-ays which in the

aurora seem to be continually darting out from

the arches.

In these experiments we notice that we do not

always get a complete circle of light surrounding

the positive electrode, while in the auroi-a the arcs

are always- such i)ortions, ;is cau be seen by the

ob8er\-er, of complete circles ; thLs, howevei', is

merely caused by the liquid not completely sur-

rounding the electrode, and if we immerse it further

into the licpiid we get complete circles or luminous

waves quite analogous to those of the aurora.

A crackling .sound is heard during the experi-

ments, due to the vaporisation produced by the

electric sparks jjenetrating into the; lifjuid, and thi.s

corresj)onds to the .sound which, according to the

stiitements of many observers, i.s produced during

an auroi-al display. In considering the weight to

be given to the negative evidence of .several emi-

nent Arctic explorers who have never heard these

sounds, we must bear in mind that the polar lights

are usually at a gi'eat height above the surface of

the earth, and it would be only when they were

exceptionally near to the earth that any sound, if

produced, could he audible.

The liquid is thrown into a state of violent agi-

tation by the electric discharge, and if the experi-

ment be made with a small quantity of liquid, a

fluctuation in the light is produced conesjwnding

to that which characterises the polar lights.

We pointed out that the polar lights were always

accompanied by great magnetic disturbances, and so

it immediately occurs to us to try what will be the

effect of suspending a magnetised needle in the

neighbourhood of the electric circuit during the

experiments ; and we are not disappointed in our

expectation that the analogy will hold good hei-e

also, for the deflection of the needle increases or

decreases according as the luminous arc becomes

more or less developed in the liquid.

There is still another phenomenon connected with

the |)olar lights, for which we can find an analogy

in these experiments—namely, the abundant falls

of rain or snow which have always been noticed

during the prevalence of an aurora, for in making the

experiments it is found that the deeper we immei-se

the iK)sitive electrode in the litpiid, the more

abundantly is aipieous vapour liberated.

It is interesting to notice that these pheuomeiui

are only exhibite<l at the positive electrode of the

battery, and nothing similar Ls seen at the negative

electrode. M. Plante believes, from these and othei
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experiments, that in tlie aurora the imperfect

vacuum of the upper i-egions of the atmosphere,

forming a vast conducting envelope, phiys the part

of the negative electrode in these experiments, and

that the light i? caused by positive electricity flow-

ing off from the earth, through the icy mists or

clouds which float above the poles, towards the

planetary spaces.

It may seem to some almost inconceivable tliat

electricity can be thus flowing off" towards other

planets, and that therefore there must be some kind

of electric communication between planet and

planet. Yet the close relation between the terrestiial

magnetic storms and the prevalence of sun-spots,

which is now a well-established fact, shows us that

some such communication must exist ; and other

researches tend towards the same result.

To explain the transmission of light on the now
universally received undulatory theory, we have to

assume the existence throughout known space of a

medium capable of transmitting light-vibrations.

Again, many electro-magnetic phenomena may be

explained in by far the most natural way on the

assumption that when diSerent bodies ai"e acting

electrically upon one another, there is an actual

transmission from one body to another of mechanical

action by means of a medium occupying the space

between them. Now, it would be a most unphilo-

sophical proceeding to fill space with a new medium
whenever any new phenomena are to be explained

;

but if, on the other hand, the study of two diSierent

sets of phenomena has independently suggested the

idea of a medium, and if the properties wliich must

be ascribed to the medium in order to explain one

set of phenomena are found to be identical with the

properties which must be ascribed to it in order to

explain the other set, then the evidence for the exis-

tence of the medium is considerably strengthened.

Now, in the case in question we have the means

of determining, independently from the two sets of

phenomena, the rate of transmission of a dis-

tuibance, which can be directly observed in the

case of light, and which can also be calculated from

electro-magnetic experiments.

We are, unfortunately, not able to make either

determination with sufficient accuracy to enable us

to state absolutely that the two give us the same

result, but if we take the mean of several of the

most trustworthy determinations of the velocity of

light, and the mean of the most accurate of the

rate of transmission of an electro-magnetic distur-

bance, we find that the difiereuce between the two

results is less than the ditference between some of

the different determinations of the velocity of light

or of the velocity of transmission of an electro-

magnetic disturbance.

"We tluis obtain a strong confirmation of our

suppos.ition that both optical and electro-magnetic

disturbances are transmitted by the same medium,

and many other experiments lead us to the same

conclusion suggested by this result—viz., that light

is an electro-magnetic phenomenon. But we cannot

now discuss this subject, as our object is not now to

prove that light is an electro-magnetic phenomenon,

but simply to point out what strong evidence there

is to show that electrical action is transmitted at

any rate between the different members of our

solar system, and probably also from system to

.system.

Neither is this the place for us to speculate as to

how far electric influence may extend throughout

the universe, or whether science may one day tell

us of some close connection existing between

electrical action and that mighty discovery of the

immortal Newton of the mutual action between all

the parts of the physical universe which is known
as " attraction of gravity," and which unites all its

mighty systems into one great whole.

We have now been led step by step from the

comparison of the phenomena of the polar lights

with simple laboratory experiments to the considera-

tion and explanation of their electrical origin, and

at this point we must leave the reatler ; but before

doing so we would merely remark in conclusion

that gi'eat attention is now being given to the study

of texTestrial magnetism, and phenomena connected

with it, so that a few years will probably add very

largely to our knowledge of the aurora.
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TTTE great variety in the external asfwct or haliit

of j)Iants lias relation to .several conditions, such

iis the character of the stem as regaitls height,

branching, «kc. ; the size, form, colour, and covering

of leaves, and their airangement on the stem : in

the latter respect there is generally clear evidence

of deBnite order or law. Tlie common obsei-ver

may find a little difficulty at fii-st iji examining the

subject, but some knowledge of it will add materially

to the pleasure derived from the cultivation and

examination of plants. We shall find that there

is order in what looks at fii-st sight most irregidar,

and that even the leaves of a plant are not attached

to the stem without obeying certain fixed, though

simple, mathematiciil laws. It is neccs.sary at the

outset to explain a few technical terms used by

botanists. The part of the stem or axis to which

a leaf is attached, or from which it springs, Ls called

a 7io<le ; the space or part of the axis between one

node and the other, abo\"e or below, is called an

ICS OF PLANTS.
M.A., M.D., F.L.S.,

in the University of Aberdeen.

(trrfDifjemmt. Numerous treati.ses have Ixicn written

on this subject by dillerent observers, and it is con-

sidered to have relation to certain mathematical

princijdes. A veiy common an-angement is that

wliicli is called cdtermUe (Fig. 1 ), in which the leaves

stand singly on the nodes. Some common plants

are examples, as the poplar, the oak, tlie apple, ic.
;

in other cases, a node appeal's to supix)rt two leaves

—one on one .side, another on the other side of the

axis : the term oppotnte is applied to such cases

(Fig. 2). In some cases a suiKjificial examination

Fig. 1.—Alternate Arrangement of Loives.

inleriKxle, and these spaces are longer or shorter

in different plants. The i-elative jK)sitions of leaves

on the axi.s, or the way in which they are distributed

on the st<'m, is technically called phyllotaxis from

two Greek words which signify h<ij, and order or

Fig. 2.—Opposite Arrangement of Leaves.

mitrht lead to an eiToneous conclusion, the two

leaves being nearly but not strictly in oi)pasition ;

the term sub-opposite would be the conect expres-

sion in such, there being in reality a short intenuxle

between the two. Two of our native orchids, such

as the twayblade (Listcra), not uncommon in .shady

meadows and woods, may be mentione<l as examples

;

and in a .series of specimens a few may occur in

which the leaves obviously come under the fii-st

or alternate arrangement, the int<^rno<le licing lunger

than usual. It is, however, worthy of notice that

usually the pairs of opposite leaves alternate with

each other—that is to say, if we place the st<?m

before us, and observe a jwir of leaves one on the

right, the other on the hft, the next i)air will

stjind one in front and the other behind ; the suc-

cessive juiii-s of leaves are then dejscrilKxl as decussate

(Fig. 3), but even this may not be strictly true,

luid several paii-s of Iciives may intervene between
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those which ai'e properly at right angles to each

otlier.

Take, ajain, the common bed-straw {Galium), or

Fig. 3.—Decussate Arrangement of Leaves.

madder, and we find the leaves airanged after what

is known as the verticillate, or whorled manner

(Fig. 4). Here we find tliat more than two leaves

appear to come from the same transverse zone, or

node. In these cases also we find alternation of

leaves in the successive whorls—that is, each leaf

Rg. 4.—Verticillate Arrangement of Leaves.

usually stands o])posite the spaces between the

.leaves of the next whorl.

It has been already stated that the length of the

internodes materially affects the habit or external

aspect of plants, and there may be such difference

of their length on the same axis and at different

periods of its gi'owth. In some of our common
native species of buttercup, the leaves on the lower

part of the stem appear to be in close tufts ; those

further up are more widely separated, the internodes

being longer.

If in the case of alternate leaves—like those of

the elm or lime tree—we suppose a line drawn

round the stem, and, touch-

ing the point of attachment

of each leaf, it will be seen

to be a spiral line ; or

fasten one end of a thread

to the stalk of a leaf low

down on the stem, then

cany it to the next leaf

above, and give it a twist

or turn round the base of

it, and so on ; the nature of

the line of connection can

then be seen : there is, in

fact, a heUx which, in

passing round the stem, is

more or less regular. A
horizontal projection of

this is called the genetic

spiral, and it is best un-

derstood in the case of

alternate leaves.

It will be necessary to

allude here to an expres-

sion used in connection with

tliis subject. The term cycle

has reference to the different

leaves which are included

in the complete circuit

of the sjjii'al—that is to

say, those leaves from the first to the one which

stands right above it. A technical name is also

given to that part of the stem or axis included

between one leaf and the next which stands directly

over it : this is called the angular divergence. Thus,

where the leaves are in two rows, the space between

two opposite leaves is just one-half of the circle or

circumference of the stem, and where there are

three rows it is one-third ; the expression i is ap-

plied in the first case, and ^ in the second. The

upper figure (numerator) shows the number of

turns in the helix, and the lower (denominator)

the number of leaves embraced in the cycle. A
circle contains 360°; the term | indicates angular

Fig. 5.—SjOTal Projection of

f Arrangement.
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divergence equal to 180°, or one-half of 360"; ^
cori-esi)on(l.s to 120\ the third of a circle.

In many plants—such jus the apple, i)each, cherry,

l>oplar, <J:c.—the leave.s present a five-ranked ar-

rangement. Beginning with one leaf, two circuits

Fife'. 6.—Horizontal Arrangement of Fig. 5.

round the stem are necessary before reaching the

leaf directly above the one from which the line

began. The fraction * is used to indicate this

—

that is to say, two turns round the stem, and the

sixth leaf directly above the first ; therefore 5 leaves

in the cycle. Figs. 5 and 6 show a spiral and

horizontal projection of a f arrangement.

When we make three turns round the stem before

reaching a leaf right above the first, the expression

is |, 3 being the number of turas, mid 8 the number

of leaves in the cycle.

Tliere are other arrangements, and all may be set

down here ^ i z s _:V. _/*_ ii li- Arc

Now, on examining these expressions, an interest-

ing result comes out—a fraction ha.s its numerator

equal to the sum of the numei-atoi*s of the two pre-

ceding, and the same is true of the denominator.

One example may suftice. Taking the two first—|, ^
—these by addition give the next ^, and so on. Ili

the series given above, called the primary series,

any numerator is the .same a.s the denominator of

the fraction next but one, preceding—for example,

the numerator in \ is the denominator of the fii-st, '.

A few examples may be given of plants which

show .some of these arrangements :

—

\. Gladiolus, iris, griissos, lime, elm, &c.

\. Birch, orchis, tulip, «Slc.

J.
Applf, oak, poijiar, chorr)-, kc.

l Flax, holly, &c.

yV Cones of Weymouth pines, eyes or buds on the tubers

of potato plant.

,'\. Cones of larch and silver fir.

The more simple an-angeraents are of fi-equent

occuneiicf ; where the internodes are very short,

50

'v^><^<1^^

the leaves are crowded, and the analysiH of such

ca.ses is more diftirtdt. ;ls in the rowttcs presoiitMl

by the leaves of sonif sfhima or stonecrops, and of

stampervivum or houseleek (Fig. 7, -^^ arrangement).

and the cones of firs. Neverthele8.s, the genenil spiml

arrangements are in such cjuses obvious enough
;

in.stea<l of one simple spinil there

are several p:(r:i]lel orsecondarv

spirals, more or less numerous.

This is best seen in any lai-ge,

or even small, fir-cone. Some
of the sj)imls run from left to

right, othei-s the reverse. In

such ca.ses the primary or geneni-

ting .spiral has reference to a full

series of the leaves on the axis,

the spiral line jiassing thmugh eveiy leaf ; the

seconclaiy .spimls are only partial—that is, do not

embrace eveiy le^if or .scale. In such ca-ses, the

fundamental spiral cannot be easily followed; but

an examination of the .secon<lary spirals will give

a.ssistance in this. These secondary spimls vary in

Fit.'. " —Arruutrfmcut
iu the Houseleek.

26
•27

21
22

20
18 19

10 17

13 14 15

11 12

9 10

3 4

1

Fijr. ?.—The Side of Cone of Weymouth Piue, with Scales nuuibcrul,
and a Projection of the Arraui^eiueut.

numl^er according as the fiiictional sign of the

jtrimary sjiinil is higher.

The cone of Piitiim strobus—white or Weymouth
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pine—is in vai-ioixs works used to illustrate this

subject, and the same exam])le may be adopted

here. Fig. 8 represents one side of the cone with

the scales numbered, and beside it a projection of

the arrangement y\, the normal in this cone, the

number 1 i being directly above the scale number 1

,

the cycle consisting of 13 scales, the spirals being 5.

A line which passes to the left through the numbers

1, 2, 3, 4, ikc, makes five turns round the cone before

it ends at 14, directly above 1. There are 5 paral-

lel spirals of the order 1, 6, 11, <fcc. (these give

the numerator), and 8 of the order 1, 9, 17, &c.

;

then 8 and 5 give 13, so that the primary spiral

expressed by y^g may be got from the number ot

secondary sjMrals parallel to one another.

Although the angular divergences of leaves re-

presented by the series of fractions already given,

are on the whole constant in individual plants, still

it must be noted that there are deviations. Start-

ing from one leaf, and following iip the spii'al, we
may find a leaf vertically over the firet, which will

give a fraction difierent from the ordinary one.*

Most fir-cones have such arrangements as are ex-

pressed l)y the ordinary terms, i,
^, f, f , -j^, &c.,

whose generating and successive secondary spirals

are shown by the numbers 1, 2, 3, 5, 8, 13, &c.

;

but cases occur in which there are either conjugate

spirals of the ordinary system, or there are arrange-

ments which may be refen-ed to other systems of

spiitils. The more common exceptions are bijugates

of the usual system, and therefore represented by

the numbers 2, 4, 6, 10, 16, 26, &c. ; and simple

spirals of the system -|,
i, f , -j-\, y^^-, &c., giving the

numbers 1, 3, 4, 7, 11, 18, &c. Rarer exceptions

are trijugates of the ordinary system, giving the

number's 3, 6, 9, 15, 24, 39, &c., or spirals of the

system i, i,
|, ^, -^, ^, giving the numbers 1,

9, 14, 4, 5, 23, 37, &c.

Bravais and others have explained some of these

abnormal arrangements by supposing partial

abortion of one of the spirals, or coalescence of two

secondary spirals into one. Professor Dickson's

objection to this idea is that secondary spirals are

only relative, and he shows that in some cases there

is coalescence or union of two consecutive scales of

the secondaiy spirals, giving rise to disturbance,

this being really the true explanation. In other

cases, it is considered that the ordinaiy simple spiral,

and the ordinary bijugate, are fiindamental forms

—

that is, forms with either of which a cone may

* As has been shown in the case of some Firs by Professor A.
Dickson. ("Transactions of the Eoyal Society, Edinburgh,''

vol. xx\-i.)

commence without the intervention of another.

The derivations of the ditfei-ent systems from the

one or from the other would thus be a simjjle

matter.

Variations of the angular divergences of tli

leaves of the Jerusalem Artichoke {Uelianthub

tuherosus) have been examined by the Rev. George

Henslow.f He observed transitions from one kind

of divergence to another : ^, ^y wei-e not uncommon^
and more rarely an approach to \ and ^-^. But

these can be arranged in a series analogous to the

usual one— viz., \, f, y\, -f^, &c. ; that is to say,

nimierators being the same, the denominators of the

successive fractions of the secondary series are equal

to the sums of the numerators and denominatoi-s

of the corresponding fractions of the ordinary or

primary series. Mr. Henslow shows that any one

series can pass into another if it be represented by

a generating spiral, the angular divergence of which

is a low one in that series. In the same paper a

comparati'se view is given of fractions belonging to

deviations from the ordinary or primary series,

thus :

—

Primary Series, \, i,
f, §, ^, a, i3.

Secondary Series, i,
\, |, -ft, j'g, r^, i|.

Tertiary Series, i,
i,

|, f, , ^, ^, g.

Here the sum of the denominator and numerator

of the third fraction of the primary series gives the

denominator 7 to the third fraction of the secondary

series, and so on ; and, as in the primary series, so

in the others, the sum of the denominators of two
adjacent fractions

<>

gives the denomina-

tor of the next suc-

ceeding.

It has been al-

ready stated that in

the primary series

any numerator is

the same number as

the denominator of

the fi'action next

but one preceding.

This relation does

not hold in the

others ; " but if it

be remembered that

the denominators

can be formed by

adding the numera-

torand denominator

of the corresponding fraction of the preceding series,

t "Transactions of Linnean Society," vol. xxvi.

Fig. 9.—Diagram illustrating Mr. Hen-
slow 's Theory.
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the true ami general relation at once appears." Tlie

following are exanij)les:—The denominator of the

traction | supplies the numenitor to the fraction ./, ;

but iu the secontUiry series the denominator is II

{i.e., 8 + 3); so also in the tertiary series

the denominator of the oorres})onding

fraction is 1 4—that is, 11 + 3 is equal to

^> + 3 + 3. The fourth fi-actious may,!

therefore, stand thus : |, g !l. 8 + 3 + 3.

h +^+3^ 3.
'^^•

Mr. Henslow shows by a diagram (Fig.

•9) that " the angular distances included

by the limiting i)ositions of the second

leaves of all generating sj)irals, commen-

cing at 0, decrease according as the spirals

belong to the secondary, tertiaiy, or

ijuatei-nary series ; so also does the num-

b«T of leaves in a single coil increase cor-

resjK)ndingly ; and, therefore, the higher

the series, the more nearly does any spiral

l>elonging to it approach the verticillate

condition, provided the internodes be but

slightly de\'eloi)ed." There appears to be

ii relation between the folding or mutual

relation—technically called (estivation or

jn-fjioration—of the parts of the flower

when in bud and the laws of phyllotaxis or leaf-

-jirrangement. In many such flower-buds the arrange-

ments I, |, ^.^ may be recognised; but to enter into

<let<iils would necessitate the use of technicalities

foi-eign to the subject of this article.

It may be stated here that in some of the lower

forms of plants, such a.s mosses, ferns, kc, the angle

of divergence of the leaf-organ Ls related to the prin-

ciple of gi-owth. In the | aiTangement the cell at the

•end of the axis is divided into two. Wlien the seg-

mentation or division of the apical cell is in three

i(nvs, each new division-wall of the cell at the ai)ex

being pai-allel to the last division-wall but two, two

lows of leaves are formed, an-anged spii-ally with the

<livergence \. The segmentation, then, of the apical

tfll has a relation to the leaf-arrangement in Cryp-

togams—mosses, <fcc. ; in Phanerogams—flowering

plant.s—the same relation does not hold.

It may not be out of place to refer here to

jitt<'mpts having reference to approximate mea.sure-

ments of the mean curves of leaves. The subject has

been examined by Mr. W. Mitchell.* Taking an

outline of a leaf, he selects a point \ of the mid-rib

fnjm the base, and from that he draws radii vfrtorm

to the outluie, coiTcsponding to equal arcs, into

which a circle describtMJ rouml the pole or point is

•"Transactions Eiliii. Hotanical Society," vols. vi. uml x.

divided. On eiich side of these primaiy radii others

are dl•a\^^^ at ecjual tlistances, aiul each me^isured by

a scale of equal parts : the accompanying diagram

(Fig. 10) of an ivy-leaf will illustrate the method.

Fi^.' 10.—Ivy-leaf, illustrating Mr. Mitcbell's Theory.

The length of each principal radius, addetl to that

of each of the .secondary, and the sum divided liy

the total nvimber, gives a mean radius to each

primary division of the circle. It is conjectured

that a series of careful measurements made in this

way would afford data for comparing the a\ei-age

variation in form of the leaves of any plant, which

might lead to numerical relations throwing light on

the laws of vegetable morphology. In his second

paper Mr. Mitchell treats of equations to the curved

outlines of the leaves of plants. He proposes to

find formulas to express the curves of the outlines

of leaves, so that the calculated values .should not

differ from the measured, more than the proportional

mea,surements of several leaves of the same plant

differ among themselves, by rea.son of their ordinary

variations.

He traces the outline of a well-developed leaf on

j)aper. The ba.se of the mid-rib is taken as the oi-igin

of measvuement, and from it lines are drawn to the

margin, making equal angles with each other. These

being measured by a scale divided into tenths of an

inch, and the first line or nulius vector b«'ing longest,

we have a descending series of terms from which to

construct a fornuila for the curve in (jue.stion, in

sinqile, undivided leaves. Little modification is

neces.saiy to the nioie regidarly divided leaves, and
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to compouiul leaves. In the 5-lobed leaf of maple,

the radiating vein of each lobe may be compared to

the mid-rib of a single leaf, and a formula found for

3 oixt of the 5. The intersections of the cm-ves will

produce the outline of the simple divided leaf, when

set off on 5 axes, making usually an angle of 45°

with each other.

In the simple leaf of laurustinus, the radii for

angles of 10° are 3i, 26-2, 20, 15, 11, 7-23, 5, 2-6,

0-2, 0, being nearly the same results as by actual

measm'ement—viz., 34, 26, 20, 15, 11, 7, 5, -2, 0.

Attention may now be directed to the number 4,

or a multiple of it in some of the lower fonns of

plants. The instances are so numerous that a few

examples may suffice. It is also worthy of notice

that division of j^rotoplasm into two is not un-

common. This is well illustrated in the develop-

ment of the reproductive spoi'es, as they are called.

The gills of mushrooms are covered with numei'ous

club-shaped cells—sporophores or spore-bearers—on

the summit of which the spores

are in gi'oups of 4. In others,

such as the well-known mush-

room called the morell, there are

eight spores in an oblong case or

cell. In one of our most com-

mon sea-weeds, the Fucus vesicu-

losus, or bladder fucus, so-called

from numerous aii'-vesicles on it,

the contents of oogonium divide

into eight portions (Fig. 11).

The spores or seed-like oi-gans

of mosses, are produced in fours.

In the common male fern, Aspidium Jilix mas.,

they follow the same law.

This is also illustrated in the development of the

grains of the dust-like pollen, which is shaken out

of the flowers of the higher plants, or those which

have obvious flowers. This is well seen in the

earlier stages of the pollen in mallow. After the

Pig. 11.—Ei^ht por-
tions of Oogonium.

12.—Persistent Pollen.

four very young gi-ains escape from the mothei'-cell

and are free, they increase in size, and the surface

becomes rough witli ])rojecting points. In some

cases the grains, after escaping from the parent

cell, even when mature, remain bound tog'rther,

gi\-ing, thus, composite pollen. This occurs in

species of tyjjha (cat's-tail) or bullrush. An early

stage of the pollen thus remains persistent (Fig. 12).

We may finally bring under notice the very

notable law which prevails in the number of the

teeth which surround the mouth of the ripe cap-

sules or cases which contain the spores of

mosses. It may be stated, in passing, that

these teeth, forming what is called the

peristome, ai-e highly sensitive to moisture,

folding over the mouth of the capsule, or

unfolding outwards, according to the state

of the atmosphere as regards moisture or

dryness.

The numbers of these teeth, when pre-

sent, are 4, or some power of 4 up to 64,

being 4 in tetraphis (Fig. 1 3) ; 8 apparently

in some species of orthotrichum (Fig. 14); pj \%-.
16 in grimmia and others ; in zygodon, ^t®*^^ij^^

the outer teeth are considered to be of 32

primary divisions, united 2 or 4 together, so as to

represent 16 or 8 plain teeth. In polytrichum

there are 64 (rarely 32) teeth. Where there are

two rows of teeth, which is a fre-

quent character, the law also pre-

vails, and those of the one row

alternate with those of the other.

If we examine the parts of the

flower in the higher orders of plants,

we observe also that certain num-

bers prevail, but they are less constant. In those

which are called monocotyledonous, in which

there is apparently one lobe in the seed, the three-

ranked arrangement prevails, as in crocus, iris,

tulip, (fee. The foiu' and five-ranked, on the other

hand, are most frequent among dicotyledonous

plants. Fuchsia, epilobium, &c., have the whorls of

the flower in groups of 4. In primroses, and many
others, the number 5 prevails—-that is, the quinary;

among them, however, thei-e are some exceptions,

the number 3 being seen in magnolia, barberry, &c.

As an example of the three-ranked arrangement

in the monocotyledonous division, we may take the

flower of a hyacinth ; we observe on the outside 3

parts, or " sepals " as they are called, forming the

" calyx " or cup. More internally, we see other 3

—the petals—the corolla, or coloured part of the

flower. Next we find 6 " stamens " in two rows,

an outer and inner, and in the centre of the flower

a seed-vessel of 3 pieces conjoined; all these alternate

with each other. The some succession of parts may

F- U -T-.-thof
Orthotrichum.
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be observed in complete flowers of dicotyledons, the

nuiubei-s iii each whorl Ix-iiig, however, mostly 4 or

5, although there lU-e exceptions to this.

It seems to be a fail* conclusion, from structures

and ari"angements here recorded, that in plants,

whether high or low in the scale, ceilain principles

n'gnlate the numbt*r and arrangement of <lifrfrent

organs, and that even in what is jwpularly con-

sidered to be " admirable confusion," the nughty
" reign of law " prevails.

HOW THE WIND CHANGES.
By Robert James Manx, M.D., F.R.C.S., F.li.A.S., etc.

President of the Meteorological Society.

IX an article entitled " Why the Wind Blows
"

(Vol. I., p. 321), the drifting along of aii-, or, in

other words, " wind," was tracetl to the influence

of weight, and to the mollifying agency of varying

heat. Wai-m air, Wing relatively light, is displaced

from the i>osition in which it would othei^wise rest

by the pressure against it of the heavier aii- seeking

to settle do^iTi as low towai-ds the earth's centre as

it can get The cold, dense air flows along the de-

scen(.ling slopes of the gi"ound very much as water

streams along the descending chaimels of rivere

towai-ds the yet deei)er depressions of the sea. The

flowing air is recognLsetl as wind bectiuse it strikes

against projecting objects that .stand in its path.

It isj'elt as wind when those objects happen to be

li\-ing creatures so organised as to be conscious of

the mechaixical pressure that Is exei-ted upon theii*

bodie.s.

But living people who stand in the path of a cur-

rent of flowing air, or wind, not only feel the pres-

sure of its movement, but also perceive the direc-

tion in which the air-current flows. It is felt to be

exerting its pressure ujx)!! them fi'om one particular

side, and it is found that the direction of this pres-

sure is not at all times the same. Tlie wind changes

its coui-se from hour to hour. At any one station

it blows from the .south at one time, and from the

east, or north, or west, upon other occasions ; and

it is not at all a ditiicult matter to understand why
this must be the case. It is quite as possible to

trace the mechanism by which the wind Ls made to

change its course as it is to comprehend why it

blows at all.

One of the simplest, and therefore most intel-

ligible, instances of the changing of the wind is that

which is almost constantly met with along any ex-

tended stix-tch of sea-coast in the mid<lle of summer.

It is there found that during the hottest periotl of

the day the wind almost certainly blows in from

the sea to the land ; but that during the cooler

hours of the night the wind changes its du-ection,

and blows back from the land to the sea. Tliere

are sea-breezes during the day, and land-bi-eezes

during the night. The reason for this change is a

very obvious one. During the day the land gets

more heated than the .sea. It retains all the heat

of the sunshine very much on the spot where

it falls, whilst the sea drinks in, difiiises, or spread.s

a similar amount through a large bulk of water. If

a hand be laid upon the ground, or the .sand of the

sea-shore, on a bright, sunny afternoon, it will be

almost scorched by the high temi)eiiiture which has

accumulated from the blazing sunshine ; but if the

same hand l>e plunged into the water of the neigh-

bouring sea, no such burning heat will be felt. The

air which rests upon the heatetl land Ls, in conse-

quence, wanned by contact with it, and expands

and becomes light ; and the heavier air which is

floating over the cooler sea, not being warmed and

expanded to the same extent, pre.sses with its gi-eater

weight in upon that which rests over the land, and

drives it out ofthe way. The air-movement Ls from

the place where the pressure is gi-eatest to the jilace

where the pressure is least—that is, it is from the

sea to the land.

After the setting of the sun, however, the heated

land very i*apidly scatters back into space the

warmth whicli it ha.s accumulated. But the sea

does not dissipate its heat in the same i-apid way,

because it holds what it has received back in the

deep rece.sses of the water. In a comparatively

short interval of time, therefore, the laml gets

colder than the sea. The aii- over the land then

ceases to be expanded and miule lighter than that

over the sea. Tlie land air being thus heavier than

the sea air, and the movement of the wind being

necessarily from the place when- the pre.ssure Ls

gi-eat to that where it is less, the breeze blows from

the land to the sea. To any j>erson standing uptm

the sea-shore it liecomes at once evident that this is

the true stite of the case ; for the sea-breeze Ls felt

to l>e deliciously cool luid fresh as it blows in upon
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the skin during tlie hot hours of the day; and the

hind wind is no less cool and pleasant at night as it

•comes ort' towards the sea. It is the cool, and there-

fore heavy, air which moves in, in each case, although

it arrives from quite opposite directions.

In some pai-ts of the earth, however, the land

»ets so much heated up by the rays of the mid-

summer sini, that no material cooling is effected all

night ; the breeze then goes on blowing strongly in

from the sea towards the land both day and night,

for several days, and even weeks, at a time. Tliis

especially occurs, for instance, along the shores of

the Indian Ocean from April to October. In this

region of the earth the land lies to the north of the

•equator, as may be seen by a glance at the

Accompanying map of

the Eastern Hemi-

sphere of the earth (Fig.

1), whilst to the south

of the equator there is

.an equally continuous

stretch of sea. From

April to October, there-

fore, the land to the

north of the equator

^ets fiercely heated up

by the tonnd sunshine,

and a very strong

wind in consequence

is bi-ought in from the

sea. From October to

April, on the other

hand, the s\ui shines

more intensely over

the ocean, which is on

the south side of the

•equator, than over the

northern land,which, in its turn then, does part with

more heat by night than it receives during the day.

The wind, thei-efore, at this season, blows with

similar steadiness and persistence in the opposite

•direction, or from the land to the sea. These

periodic winds, which ai-e thus changed in their

directions by the seasons of the year, instead of by

the mei-e alternating influence of day and night,

are called " monsoons "—a word derived probably

from the Arabic term maasaan, which signifies

" season." Attention was di-awn to these periodic

season-winds of India, in the first instance, during

the earlier years of human histoiy, on account of

their prevalence along the at that time well-

occupied Indian and Arabian coasts, and on

account of the abundant fertilisinjx moisture which

Fig. 1.—Map of the Eastern Hemisphere.

they carried in to the countries of India during the

hot months of summer. These winds also became

known to the Greeks at the time of the military

exjieditions of Alexander the Great to India.

During the prevalence of the greatest heat of

the Indian summer, the monsoon .winds blow with

great intensity and violence, very much as a

stronger draught rushes up the chimney of a room

when there is a very fierce fLre burning in the

grate. There is also a tendency to the occurrence

of storms and tempests when the monsoon changes

the direction of its blowing, on account of the

disturbance which is then brought about where the

antagonistic and conflicting aii'-currents meet. But
this is a result of the breaking up of the monsoon,

as the occurrence is

called, which may be

more conveniently al-

luded to in connection

with another branch of

the subject, which will

deal more particularly

with the mechanism of

hurricanes.

One peculiarity in

the movements of the

monsoon is, however,

deserving ofnotice here,

on account of the light

which it throws upon

the behaviour of more

capricious and variable

winds. The general

set of the Indian mon-

soon in the summer

months is from the sea

to the land -^ that is,

from the south towards the north ; and in the

winter montlis, so far as there can be said to be

any winter in India, the general cuiTent is from the

land to the sea—that is, from the north towards the

south. But as a matter of actual fact, the monsoon

blows during the Indian summer towards the east

as well as towards the north : and in the opposite

season towards the west, as well as towards the

south. The monsoon is a south-westei-ly Avind in

the summer, and a north-easterly wind in the

winter. This deviation of the air-currents in a

westerly or eastei'ly course is a natural and

necessary result of the circumstance that the earth

is itself continually spinning round from west to

east as it moves along in space. As the earth

spins round upon itself, its surface carries along
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M-itli it, as a mere conse«iuenc<' of frictional adhesion,

the sui»erincuinl»ent investment of air. Thus,

whilst the air is flowing fi-ora the efinator towai-ds

the north under the intiuence of the superior

weight and j)re.ssure of the colder atmospheric niiuss,

it is at the si\nie time continually carrying with it

its great equatoiijil velocity to a part of the earth

where, the circle of rotation being smaller, the

velocity of rotation is less. Tlie air thus has a

rmdency, when it ivaches the circles of narrower

dimensions, to ovei"shoot the rotator}' progi-ess of

the terrestrial surface beneath—that is, it goes

faster in an eastwanl direction than the ground or

sea beneath, and to any object attached to that

gi-ound, or partially immei-se<l in the sea, its ea.st-

waixl prepondei-ance of movement is perceptible a.s

well as its northward tlow. On the other hand,

when the wind comes in towards the south from

the more northern land, it finds the gi'ound or the

sea moving faster towards the east than its own
momental impulse is cairying it, and it con-

setjuently lags back in I'^ference to the onward

n)ovement of the gi-oiuid, or sea, and thus has an

apparent westward, as well ;is an actual southwaixl,

drift, or flow.

A glance at the map of the Eastern Hemisphere

of the earth (Fig. 1) will materially assist the reader

in undei-standing tliLs comi»lication of movement.

It will be observed, on refen-uig to this map,

that the sjmce between the 60th and 70th

meridians on the equator is twice as long as it is

on the GOth jwiiiUlel of south latitude. If, there-

fore, a mass of air which wa.s l)eing carried along

with the earth's surface towards the west at the

equator were suddenly transferred to the GOth

parallel of latitude, taking its equatorial velocity

of rotatoiy movement with it, it would ovei-shoot

the movements of the sea or gi-ound, and get

20", or an 18th part of one roUition of the earth, on,

whilst the surface beneath, whether sea or gi-ound,

only advanced 10 , or a 36th part of one roUition.

This is exactly what occurs, although in a very

much .smaller degi"ee, when a northward moving

wind in the northern hemisj)here actjuires an east-

waitl set in consequence of the rotation of the

earth.

The wind thus blows along the surface of the

earth from places where the air-pressure is great to

places where the pressure is small—that is, from

places that are cold to places that are wami. But

it also rliniujf.H the //Irection in which it blows from

time to time, because the positions of greater and

less heat are themselves shifted about upon the

.suiface of the earth, under the changing conditions

of sunshine and cloud, and under the irregular

ilistribution of water and land, an«l of mountains

and plain.s. On account of the movement of the

earth, turning a.s the va.st sphere does from day to-

day in front of the sun, with its a.xis of rotation

held inclinetl to tlie plane of its forward journey,

in one unvarying direction, the sun blazes down
uj)on the ten-estrial sj)here with greatest intensity

of heat, now here, and now there, and the wind, a.s

a matter of course, changes the direction of its

blowing to follow the wandering jiath of the shifting

and titful sunshine.

That the changing of the dire€tion of the wind

i.s due to the shifting of the situations of greatest

heat ujK)n the earth is .substantially proved by tlie

fact that in cei-tain regions of the terrestrial sur-

face, where the situations of greatest heat and cold

do not alter the direction in which they lie to each

other, the wind does not change, but blows always

in the same direction from one day to another, and

all the year round. This occurs in the great oj)en

spaces of the ocean, where there is no land to get

heated up by the sunshine of the day, and to get

cooletl by the scattering of the heat at night. In

those spaces for a vast breadth of many hundrevl

miles the sun shines down day after day upon the

surface of the aea, heating the water most along

the mid-ocean track which lies most immetliately

beneath its burning rays, as it passes aci-oss fj-om

east to west. This midway tmck of the strongest

sunshine crosses the wide ocean as a belt or zone,

that spreads some way to either side of the equator.

Tliroughout this midway track the cooler an<i

heavier air on either hand drifts in from the north

and from the .south, and then rises up, as it becomes

heated by the sun, where the two currents meet.

In both instances, however, in con.sequence of the

spinning round of the earth, the advancing win<.l

acquires a westward as well as an equatorial drift.

The air-current, as it ai)proaches the midway

equatorial zone, where the onward movement of

the sea-covered sm-face of the earth is performe«l

with the vast velocity of a thou.sand miles an hour,

does not immediately acquire this full nxic of 8j)ee<l,

and lags back upon the ocean, so that it api>eai-s as

a tlrift towards the west, as well hh towards the

equator. On the north side of the equator the

wind blows all the year round from the north-east,

and on the south side from the south-east, lK)th in

the Atlantic and Pacific Ocean.s. The.se steatly and

unchanging ocean winds are* ailletl the tnide-wind.s,

on account of the gi-eat senice thev render Ui
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ships carrying merchandise across these portions of

the sea. In sailing from England to the Cape of

Good Hope, through the entii'e length of the

Atlantic Ocean, ships, before they reach the equator,

have to pass over a broad space, where strong winds

are always blowing steadily from the north-east.

That is the region of the north-east trades. They

then traverse a space near to the equator itself, where

the north-east wind ceases to blow, and where the

air is very still and calm, and they afterwards come

to a region to the south of the equator, where

strong winds are continually blowing from south-

east. That is the region of the south-east trades.

The district of calms which intervenes between

the north-east and south-east trades is the place

where the opposite cur-

rents meet so as to

neutralise each other's

movement, and then

rise bodily up as masses

of sun-warmed and rare-

fied ail-, into the higher

regions of the atmo-

sphei-e. The trade-winds

prevail for a bi'eadth

ofnearly three thousand

miles of the Atlantic

Ocean, between the

west coast of Africa

and the east coasts of

America ; and for a

breadth of ten thoiisand

miles of the Pacific

Ocean, between the

west coasts of America

and the large Asiatic

islands lying to the

South of the Chinese Sea (Figs. 1, 2).

these Asiatic islands and the east

Fig. 2.—Map o£ the Western Hemisphere.

Between

coast of

Africa (see Fig. 1, j). 14) there is another stretch

of sea, which is three thousand miles wide, and

which is known as the Indian Ocean. But

this is the part where the monsoons, or periodical

season-winds, pi'evad, because the great land-stretch

of India and Arabia, instead of an open ocean,

there lies to the noiiih. In that part the north-

east monsoon of the winter season is, it will be.

observed, in reality the trade-wind as well as the

monsoon. The summer monsoon only is a reversal

of the natural cuiTent of the trade-wind at the

time when the land of India and Arabia, and of

Central Africa, becomes most fiercely scorched by the

sun.. In the winter of India the north-east trade-

winds are simply increased in force, in the Indian

Ocean, by the addition to them of the monsoon, or

season influence, acting in the same direction.

During the summer of India^he north-east trade-

winds are stopped in the Indian Ocean, and then
ultimately reversed, by the superior power, at that

time, of the sun-scorched land to i>roduce an in-

draught. From this steady and unvarying movement
of the air over the broad open spaces of the equatorial

oceans, it appears, therefore, that it is not only the

differently heating power of the sun in difierent

parts of the earth which produces the blowing of

the wind ; but that the Siiinnmg movement of the

earth, which never varies and never stops, has also

to do with it. As the vast terrestrial globe spins

round in space, all

bodies that are held

upon its surface by the

attraction of the ter-

restrial mass go round

with it. But such of

those bodies as have

free movementamongst
theii" own particles, as

is the case with aii-, do

not travel Avdth it at an

equal pace, but linger

behind when they are

streaming from parts ot

the earth where the

rotatory velocity is

small towards parts

where it is greater ; or,

on the other hand,

overshoot themovement
of the more rigid por-

tions of the earth when
they stream from parts where the velocity is gi'eat, to

paits where it is less. The movement of the wind is

not only from spots where the atmospheric pressTu-e is

gi'eat to parts where it is small, but it is also in

the direction in which the air is whii-led by the

raj^id and never-ceasing gyi'ation of the earth.

North A^nnds in the Northern Hemisphere, and

south winds in the Southern Hemisphere, veer more

and more towards the west, or into the direction

which is opposite to that in Avhich the solid super-

ficial mass of the earth itself is ad\'ancing, the more

strongly they blow. This westward impulse is also

more predominantly marked in the regions of

gi-eatest equatorial velocity than it is along the

narrower circles of the spinning earth, and it is

more readily and frequently interfered witli by
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other and disturbing influences in the regions which

ju-e most remote from the rone of most mpid
lotatoiy movement. On account, therefore, of this

secondary imi)ulse, which is referable to rotiitiou,

there is more west wind than east upon the siu-

face of the earth. Over a very large jxjrtion of

^

A

Tig. 3.—Showing Movemeiit of Wind towardii a Spot wliere the Atmosiiheric
Pressure is very low.

Em-ope, where the observation lia.s been most care-

fully made, it is found that there are a considei-able

number more of days on which the wind blows from

the west, or south-west, than of days on which it blows

fi-om the opix>site points of the compa.ss. It has been

calculated, indeed, that at least one-half of the move-

ments of the winds may \>e attributed to the impulse

which the air receives from terrestrial rotation.

The trade-wind regions of the eaith, where the

wind does not materially change the direction of

south, with a calm belt of from 300 to 400 miles

Ixitween. Vessels sailing from north to south thus

have to pjiss through 3,000 miles of tnide-M-ind,

and 3.50 miles of calm, Ijefore they get into partM

of the ocean where varial)le winds prevail. The
regions of the tratles shift a little up and down in

the direction of latitude at different

.seasons of the year, ])ecause they

follow, to some small extent, the shift-

ing of the i)Osition of the vertical noon-

day sun, which is farther north in

the summer of the northern hemi-

sphere of the earth, and farther south

at the opposite season. Tliis, how-

ever, and the increased westwai-d set,

in ajjproaching more nearly to the line

of high equatorial velocity of rotation,

are the only tnxces of vacillation, or

uncertainty, which these steady and

unchanging winds exhibit.

Tlie unceasing whirl of the earth

as it moves along in its majestic

sweep through space is thus a cause

of a steady drift of the air along the

ten'estrial suiface, and that drift is

swayed, now in one and now in

another direction, by the influence of

imequal atmospheric pressure, which

tends con.stantly to throw the air-diift

from the regions of gieutest towiU'ds

regions of lesust density and weight.

The actual coui-se ofthe wind is, conse-

qiiently, due to the combined influence of the two

causes. But of these causesthe one is itself a shifting

force, depending on the varying relations of the sun.

It follows that luminaiy in its daily march through

the sky, and in its annual couree connected with

the seasons. It also relates itself to the diversities

of land and sea, and it hangs ui)on the vici-ssitudes

of sunshine and cloud. The operation of the

wandering and unstable power consequently tells in

the frequent reversal, or bending, of the cun-ent of

> w E
-<

Pig. 4.—Showing U /viment of Wind when the Area of Pressure changes.

its blowing, not only extend two-thirds of the way
round the circumference of the globe acroas the

vast breadths of the gi-eat oceans, but they also

stretch, in each case, ],r)00 miles from north to

51

the air at any one place. It is the efiV'ctive source

of the changing of the wind. Thus, if l in the

diagmm (Fig. 3) representetl a s|X)t ui)on the earth

where the pressure of the atnK)sphere was vi ly low
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in consequence of the air having been there gi-eatly

heated by the sun, the movement of the Avind from

all directions around Avould be in towards that

S])ace, as indicated by the pointing of the arrows.

If the spot L of low pressure were, however, drift-

ing along, and shifting its place, the consequence

to any one standing still on the gi-ound where

it passed would be that the current of the wind

would change to him, although it might still be

blowing on towards the centre of low pi-essure.

Thus, if the low pressure were at L^ in Fig. 4, the

movement of the wind to a pei-son standing at

a would obviously be from E to w—from east to

Avest. But when the area of the low pressure had

drifted on from l^ to L-, the movement of the wind

to the person standing at a would as manifestly be

from w to E—from west to east. The mere drifting

along of the region of lowest pressure would thus,

in effect, change the dii-ection of the wind to the

person .stationed at a.

As a matter of fact, the regions of low and high

atmospheric pressiire upon the earth never do stand

still over one place. They are ahvays di-ifting

along and changing their position, and cariying the

air-currents vnt\\ them, and about them, as they

drift. But more than this. In consequence of the

ail' itself being a very elastic and movable gaseous

substance, and in consequence of the balance never

being very exactly and eA-enly sustained where the

greater and less pressures meet, there is a constant

tendency of the movement of the air to bend itself

into curves, and to whii-1 round into eddies, much
like the eddies which are formed where antagonistic

currents of water encounter each other in rapidly

flowing streams. The wind rarely blows along in

sti"aight lines, and almost ahvays whirls round into

eddies, and the more fiercely the wind blows the

more strongly marked these gi-eat eddies become.

In the fiercest winds, or hurricanes, they constitute

what are at once recognised as " whirlwinds."

It is yet again a natural conseqiience of the

sjiinning roll of tlie earth that this eddying move-

ment of the winds always inclines to take place in

the same direction. The air-drift occasioned by the

earth's roll in the end preponderates over all im-

pulses in other directions, or fi'om other causes.

Even the changes of the wind are reached by this

dominating influence. In the northern hemisphere

of the earth the change of dii-ection commonly takes

place from north through east and south, to west

;

and in the southern hemisj)here, from north, throv[ih

west and south, to east. In England an east wind

almost always follows a noi-th wind, and then passes

on to a wijid from south and west, and back again

from north. This regular order in the shifting

of the wind was first accurately observed about fortv

years ago, by Professor Dove, of Berlin, and has

thence been since associated with the name of that

meteorologist, luitil it has finally come to be spoken

of as " Do\e's law." The period which is occupied

by the Mind in j^assing tlu'ough this cycle of changes

is of uncertain length, and often occupies many
days ; but the same series of changes invariably

begins over again when one cycle has been made
complete.

The heaAT.er air setting in towards the region of

least atmospheiic pressure thus whirls round and

round where the air-cui-rents meet in a central spot.

But as it is in that spot that the air-weight is least,

it is thei'e, as a matter of coui-se, that the light an* is

driven up. For a considerable space it is pressed

dii-ectly uji towards the clouds, and towards the still

higher regions above, and it then flows over and

back, to fiJl up the space from which the heavier

ail- below has advanced. That, therefore, is what

becomes of the air which flows in by its gi-eater

weight from all directions around. It gets warmer
and lighter in that centi-al spot, and then ascends

straight up out of the way of the heavier cold cur-

rents that are still coming in upon the same track.

The velocity Avith which the wind blows mainly

depends upon the strength with which the warm light

air is pushed out of the way by the heavy cold an-

pressing in to take its place ; or in other words, it v>

in proportion to the diSerence of the weight of the

heavy and light air, and to the distance from each

other at which the centres of gi-eatest and least pres-

sure are situated. Thus, if, in Fig. 5, o represents the

503 Maes L

4i3Iilfs an Hour.

Fig-. 5.—Ulustratiug the Velocity of Wind.

jwsition of the Orkney Islands, in the North Sea, and

L that of London, some 500 miles away, and if it be

conceived that the barometer at o is indicating an at-

mospheric pressure equivalent to one inch of mercury

more than that which is shown by the barometer at L,.

then the movement of the wind between o and L—be-

tween the Orkneys and London—woidd be something

like 4.5 miles an horn-. But if, on the other hand, the

diflference of one inch of pressure occurred between

London and Moq^eth, in Northumberland, a place

that is about midway between the Orkneys and

London, and therefore 250 instead of 500 miles

from London, the movement of the wind between

Morpeth and London would be at the higher velo-

citv of 63 miles an lio\ir. To halve the distance at
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which any given diffeivnce of pi*essxin» acts is

tintiimount to incitnusing to some definite ilegi-ee

tlie velocity of the movement of the wind. Tlie

Slime effect i.s, however, also pnxluced if, instead of

diminishing the distance of the sites of high and

low pressure, the diffei-ence of jnvssure is increa-sed.

A bai-ometer indicating a pres.sure of two inches of

mercury moiv at the Orkneys than in London

would almost cei"tainly be accomjianied by a wind

moving K>t>veen the Orkneys and Ix)ndon with a

velocity of G3 miles an hour. This is a very im-

{Ktrtant fact, and it is the circumstance which has

letl to the adoption amongst meteorologists of the

teiTU " barometric gradient," a form of expression

tirst used some twenty years ago V)y Mr. Thomas
•Stevenson, the distinguished engineer.

This designation signifies that the diffei-ence of

pi-es.s\ire Wtween the two i-emote places may be

conveniently expressed by a line drawn from the

one to the other in such a way as to indicate the

steepne-ss of the slope or gi"adient, by which the air-

l>res.sure inci-eivses during an advance from the

one station to the other. Thus in Fig. ('>, if the

: inrbes. l inch.

Fi;,-. 6.—Illustrating the " Barometric Gradient

angle n L o expressed the .steepness of the gi-;ulient

when the pi-e.ssure wsis one inch of meix^ury moi-e

at the Orknevs than in London, then the larger

angle b L o would expre.ss the steepness of the gi-ji-

dient when the pre.ssure was two inches of mercury

iiiore at the Orknevs than in Londoiu Ov ajiain

if the angle a h o, Fig. 7, expres.seil the steepness

1 inch. 1 Inch.

OrlcBfTi, Mor|K-lli . . . SioMile*.

Tig. 7.—niostrating tlie " Barometric Gradient.

f<i the gradient when there was one inch of pres.sure

more at the Orkneys than in London, then the

larger angle c L o would express its steepness

when the inch difference of pressure occtirreil

lietween I.,ondon and Moq^oth, the station only

half the distance of the Orkneys away. In either

ca.se, the angle would \ir twice as large; or in other

wonls, the gradient would l»e twice as stet'p in the

second instance as in the fii-st. The luironn'tric gra-

dient constructetl in this way l>ecomes a veiy useful

expe<lient to indicate what the velocity or force of

wind is that may V>e lookeil for Wtween stations at

which the diffcivnce of barometric piv-ssuiv is known.

The steepness of the gradient, it will l»e observed,

tiikes into consitlenition both t/is elements—the dis-

tance of the two stations asunder, and the difference

of atmospheric pressure on the two. Tl»e greatest

velocity of the wind is, however, found really to

occur alx)ut midway between the spots where the

greatest iUid least pressures lie. The wind increases

its velocity as it flows from the place where the air-

weight is greatest towanls the place where it is

least, until it gets half-way, and it then b<»gins to

modei-ate and reduce its s[)eed. Scientific meteoix>-

lo<nsts have am^eeti to consider 60 nautical miles

a.s a sort of unit, or standaixl of distance, when

baixmietric gr.ulients have to be spoken of ; suid

they then express the steepness of the gnulient in

figures, which give the differences of pressure for

that disti\nce in hundi-edths of an inch of meivury.

Thus a gi-adient of 0"0G means simply that thei-e is

a diflei-ence of -j-§^ths of an inch of mei-cury

in the pressiu'e of the atmosphere at two places,

which are 60 nautical or 69 statute miles asunder.

Wlienever such difference of pre.ssure exi.sts at

stations thus far aiwrt, it is

tolerably certain that a strong

breeze is blowing betweeiu A
strong gjile is seldom, if ever,

exjierienced over the British Islands, unless the

difference of barometric pressure at ivmote stations

within their range amounts to at least half an inch

of mereuiy.

One practical consequence of the influence of the

earth's rotation ufKjn the movement of the wind is

that wlienever an observer .stmds on the northern

hemi.sphere of the earth, with his back to the wind,

he is almost sure to have a lower atmaspheric

pre.ssure on his loft hand than

on his right. The wind, as

a matter of fact, blows not

in a straight line fi'om the

place of givatest atmospheric

pi"es.sure to the place of the least, as it would if its

coui-se were not motlified by the secomlary influences

which have been dwelt upon, but in a curveil line,

sweeping whirlingly round the area of least pres-

sure in one xjuvarying dinvtion. This, in its

sin)plest form, is the statement of the nieteon»h\irio\l

law wliirli was th-st established b\ the Dutch
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meteorologist Buys Ballot, who resides in Utrecht,

and there superintends the weather observations of

that place. -This cu'cumstance, that the area of low

pressure, towards which the wind inclines to blow,

is to the left hand of an observer who stands with

his back to the wind, is now luiiversally known as

" Buys Ballot's law," and it is a very important

condition in meteorological science.

When the wind does not blow with a velocity as

great as three miles in the hour, the movement of

the air can scarcely be perceived by a person stand-

ing in the current, and it is consequently considered

that the atmosphere is in the state which is charac-

terised as " calm." The wind which is perceived as

a gentle breeze moves with a speed of from 13 to

18 miles in the hour. A wind moving at the rate

of 35 miles an hour is felt as a strong breeze.

A velocity of 50 miles an hour constitutes a gale.

Storm-winds travel at the rate of 75 miles an hour,

and tierce hurricanes blow at the rate of from 90

to 100 miles in the hour. A wind travelling at

the rate of 3 miles an hour presses with a force of

about three-quarters of an ounce upon e"very square

foot of siirface which stands in its way. A wind of

1 8 miles an hour gives a pressure of one pound and

a quaii^er on each square foot. A mnd of 35 miles

an hour gives a pressure of 6 pounds on the square

foot ; a gale of 50 miles an hour of 13 pounds, a

storm of 75 miles an hour of 28 pounds, and a

huiTicane of 90 miles an hour of something ap-

proaching to 40 pounds on the square foot. This

matter of the pressure which may be mechanically

exerted by winds of high velocity has necessarily

to be very carefully taken into account by archi-

tects and engineers in planning the strength of

buildings.

DREAMS.
By Robert Wilsox, F.E.P.S.,

Laie Lecturer on Animal Physiologn

THOUGH, according to Shakspere, " we are the

stuff dreams are made of," yet we know ex-

tremely little about the process of their manufac-

ture. " Tlae reason why " lies on the surface. The

phenomena of dreaming—that is to say, all that we
can find out about the matter by personal discovery

—

lie for the most part beyond the sphere of conscious

observation. Hence, in studying the subject, we
have to fall back on our recollection of what in

our own experience dreaming was like, how it

affected us, and what impressions it left behind.

The professors of mental science have always

been reproached because they employed the intro-

spective method, or that of self-examination, for

purposes of investigation, it being alleged that

one is always apt to fall into dangerous fallacies

when he makes himself or his own nature the

object of critical study. But in the case of dreams

we are not only in the main obliged to use this

unsatisfactory mode of research, but we are bur-

dened with this additional disadvantage, that we

are subjecting for self-examination the actions of

our mind not in the waking, but in the sleeping

state. If it is hai'd to analyse mental operations

which are going on whilst we are awake, it is

doubly hard to do so efficiently when these take

place during a temporary suspension of conscious-

111 the School of Arts, Edinburgh.

ness. This much it is necessary to say, lest com-

plaint be urged that, even after the best-directed

efforts to peer into the mystery of dreams are made,

only a scanty show of positive and indubitable

knowledge can be exliibited. Still, even a little

knowledge, if it be of the positive and indubit-

able kind, is worth volumes of speculative conjec-

ture, as may be cogently reasoned out by comparing

the ancient with the modern doctrine of dreaming.

The som-ces of our information, then, about dream-

ing are inti-ospective memory, and what people who

are awake can decipher of the slumberer's mental

manifestations.

Perhaps the best way to define the meaning of

the dreaming state is to do it negatively. Sleep,

everybody knows, is not always blank oblivion.

When it is not, and when the sleeper is more

or less conscious of a certain variable and fluctua-

ting amount of mental activity, of which he has an

uncertain remembrance, he is in the dreaming state.

The chief features of this condition can hardly be

unfamiliar to any thoughtful or observant person.

A cun-ent of thought iiishes tkrough the sleeper's

mind, but it does so, as a iiile at least, free fi-om

all voluntary control. The mind runs riot in a mad

world of phantasy, and, conjuring up scenes, inci-

dents, and persons, groups them into a grotesque
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mosiiic ut" iliainatii' improbability ami incoherence.

The ab.seuce of the regulutiiig intluence of the will,

ami of the as.sorting and .selecting processes by which

the mintl usually arranges its ideas into intelligible

and rational combinations, of coui-se leaves the

.sleeper at the mercy of mentjil dissociation and sug-

gestion. .tVnother remarkable i>eculiarity of dream-

ing is that in this sUite the mind, though active,

is almost completely withtlmwn from relation

to the external world. In spite of this, how-

ever, the sleei)er i^rceives things as vividly a.s,

usually more vividly than, he would do were he

awake. In fact, a dream Ls both a mystery and

a mii-acle, for in it we may see things which are

not, and hear sounds whose viljrations never y>ene-

ti-ate the cavernous recesses of the ear. Images

that would be usually producible only by external

objects are actually created by our minds whilst

they ai-e lulled in sleep, and without these exteraal

objects being present to evoke them. Sleep has

been called the brother of Death. Working in the

same \"ein of fancy, we might say Dreaming was the

cousin-german of Madness. Insanity, it is true,

gives rise to hallucinations quite as wild as any that

course through the dreamer's brain. But there is ju-st

this difference between insanity and dreaming

—

that in the former state the mind is not cut off

from the exteniid world, because sleep has not closed

what the late Dr. George Wilson felicitously called

" the tive gateways of knowledge." In the dreaming

stite, on the other hand, the mind, as we have seen,

is shut off almost completely from the external world.

Another extraordinary peculiarity of dreaming to

which scientiiic men have dii-ected special attention

is the solid reality, or, to use the harsh technical

jargon of p.sychologists, the " vivid objectivity " of

dream-pictui-es or images— indeed, these images,

when remembered, appear even more Wvid than do

those produced in our waking moods. The dreamer

actually .sees objects and heai-s .sounds ; in fact, the

very commonest term applied to dreams (" visions ")

illustrates this odd j)eculiarity. Ocular jierception,

the result of impre.ssions made by actual solid mate-

rial objects, is the most conspicuous i)henomenon

in dreaming. There is thus an unconscious aptness

in the popular a{)plication of the word " vision " to

designate a dream, which is at least worth noting.

From what has now been advanced, it may be in-

ferred that it is possible—nay, even easy—to distin-

guish between dreaming and imagining. We can

conjure up in fancy the image of an absent frieniL

But if that friend suddenly enter the room, we tind

we have a verv different notion of him from that

conveyed to us by our imaginative faculty. Tin;

dreamer h;us a (h't-per imprint niade on the ta))letH

of con.sciousne.ss than the mt're shadowy imjtreKsionH

left on the mind by an effort of fancy. The dream

image is, in fact, not only <is vivid as, but, when re.

mendjeietl, more viviil than, that priuU'd on the brain

Ijy the real material object which it repn-sents, and

which gives rise to it in the waking or con.scious state.

Who does not from i-eading know alx>ut innumer-

able instmces in which the vividity of empty
dream-fancies excelled that which would be evolved

by actual realities ? Coleridge, for example, after

reading the famous pas.s<ige in "Purchas's I'ilgi-ims"

i-eferring to the building of Khan Kubla's palace,

ditl not .see it ;is a vague, shadowy object reflected

in the dim mirror of the imagination. He actually

.saw, lus a solid object, Kubla Khan's " stately

pleasure dome," where

" Alph, the sacred river, ran

Through caverns measureless to man,
Down to a sunless sea."

He even saw as a i-eality

—

" The shadow of the dome of pleasure

Floated midway on the waves,

Where was heard the mingled measure

From the fountains and the caves."

And he saw it A^vidly enough to know that

—

" It was a miracle of nire device,

A sunny pleasure dome with caves of ice."

Indeed, of the poet's dream we ha\e his own curious

record. The words in " Purchas's Pilgrims,"

—

" Here the Khan Kubla commanded a palace to be

built, and a stately garden thereunto ; and thus ten

miles of fertile gi'ound were enclo.sed with a wall,"

—

had hardly pa.ssed through his mind, when he fell

a.sleep and dreamt. He says he " continued for

about three houi-s in a deep sleep, at least, of the

extenial .senses, during which time he has the most

vivid confidence that he could not have composed

le.ss than from 200 to 300 lines ; if that, indeed, can

be called composition in which all the images rose

up befoi-e him as things with a parallel pixxluction

of the correspondent expression, without any sen-

sation or conscious effort."

Dr. James Gregory, when he went to bed one

night with a warm-water bottle to his feet, actually

felt in his dream the hot cniter of Mount Etim

burning beneath his tread. So, again, Dr. Reid,

the Scottish metaphysician, when he had a blister

on his head, positively endured all the physical

torture of being scjdi)ed whilst dreaming that he

had fallen into the hands of a party of Red Indiams.

Months Ifffore llurke, the Edinburgh muitlerer.
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wiis arrested and couA-icted of his crimes, unquiet

dreams had levealed his fate to liim. He had in-

dubitablv seen from his scaftbld the iipturned faces

of the savage mob gazing fiercely upon him as he

stood under the gibbet. Perhaps tlie most striking

example of dream-realism on record, is the following

related by Dr. Abercrombie, of an officer, " whose

susceptibility of having his dreams thus conjured

l)efore him was so remarkable that his friends

«oiild produce any kind of dream they pleased by

softly whispering in his ear, especially if this were

ilone by one with whose voice he was familiar.

His companions were in the constant habit of

amusing themselves at his expense. On one occa-

sion they conducted him through the whole pi'ogress

of a quarrel, which ended in a duel ; and when the

parties were supposed to meet, a pistol was put into

liis hand, which he tired ofi" in his sleep, and was

awakened by the report." Connected ^vith this

peculiarity of vivid objectivity are the strange freaks

of exaggei-ation and expansion with regard to the

ilimensions of Space and Time which the mind j^er-

petrates during the dreaming state. The narcotic

slumbers of De Quincey were haunted by dreams

iu which he tells us "the sense of space, and in

the end, of time, were both powerfully affected.

Buildings, landscapes, &c., were exhibited in pro-

portions so vast as the bodily eye is not fitted to

receive. Space swelled and was amplified to a

sense of unutterable infinity. This, however, did

not disturb me so much as the vast expansion of

time ; I sometimes seemed to have lived for seventy

or one hundred yeai's in one night—nay, sometimes

had feelings representative of a millennium passed

in that time ; oi', however, of a dui-ation far beyond

the limits of human experience."

This faculty of expanding time, so that a moment
will become a month, or a year, or a decade, is capable

of boundless illustration. In a dream which could

not have extended over an hour, Dr. Macnish says,

" I made a voyage, remained some days at Calcutta,

returned home, then took ship for Egypt, where I

visited the cataracts of the Nile, Grand Cairo, and

the Pyramids ; and to crown the whole, had the

honour of an interview with Mehemet Ali, Cleo-

jiatra, and Alexander the Great." Ten minutes

sufficed to enable a friend of Dr. Abercrombie's to

cross the Atlantic and spend a fortnight in

America. Still more wonderful is another case

cited by Abercrombie, where a gentleman dreamt

that he had " taken the shilling " as a recruit in a

marching regiment, that he desei-ted, was pursued,

captured, tried by a tedious process of court-martial,

condemned to be shot, and led forth for execution.

The usual preparations were made. A gun was fired,

and its report roused him from his troubled sleep,

whereupon he found that a noise in the next room
had not only awakened him, but had actually given

rise to the whole dream. Such cases indicate that

in the dreaming state thought courses through the

brain with such lightning-like velocity that not a

few critical persons have affected to believe that

fancy and not fact is the parent of these observa-

tions. Yet, if De Quincey's veracity be impeach-

able, we cannot doubt the truthfulness of Dr. Mac-
nish, who recounts his own experience ; and if the

evidence of Dr. Abercrombie's unnamed friends be

but second-hand or hearsay testimony, surely we
cannot disbelieve the following statement of such

a shrewd, unimaginative, common-sense, observant,

and eminently truthful man as the late Lord

Holland. Sir Benjamin Brodie says that on one

occasion when his lordship was much fatigued

" while listening to a friend who was reading aloud,

he fell asleep and had a dream, the particulars of

which it would have occuj^ied him a quarter of an

hour or longer to express in Avi-iting. After he

woke he found that he remembered the begimiinsj:

of one sentence while he actually heard the latter

]^art of the sentence immediately following it, so

that probably the whole time during which he had

slept did not occupy more than a few seconds."

The extent to which dreaming affects conscious-

ness of identity is a matter of dispute. Many
hold that a dreamer never loses the consciotisness

of personal or moi-al identity—in other words, that

the dreamer never dreams he is somebody else or

fancies he commits acts the shocking iniquity of

which would make him shudder in his wakinjr

moments. This belief is flatly contradicted by

others, with whose experience and observations

those of the writer are certainly in accord. No
man, it is said, ever dreamt he was a woman ; and

Sir William Lawi-ence once told Fanny Kemble
that no woman ever dreamt she was younger than

she really was. It may be admitted that no case is

known where a dreamer has lost the consciousness of

sexual identity ; that, however, is surely a very dif-

ferent thing from losing the idea of personal identity,

and it is not at all inconsistent with the fact that

men have dreamt they were other men, and women
that they were other women. Sir William Law-

rence's observations must be regarded as mere

badinage, for nothing is commoner than for women
as well as men to dream "that they are children

again ; or for both men and women, when they
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di'eain that they ai-e other iK,-oi»le, to iheaiu tliiit

those whose iileutity tlu-y iu^isuiiie lire eitlier oKler

or youn_ijer than themselves. As regards his own

IKJi-sonality, we may say tlie dreamer may be either a

[»as.si\ e s|)ectator in the seeue whieh is |KiiuteiI by his

diviun-fancy, or he may Vte an actor iR-i-soually in it,

or he may dream that though he is an actor in tlie

visionary drama, yet he is not himself, but somelxnly

else altogether. Stitniger still, the dreamer may have

a v;igue consciousnes-s that he Ls dreaming, and con-

struct a di-eam within a di-eaui. It woukl be but an

im}»erfect account of the phenomena of dresiming that

made no i-eference to those visioiLS of prophecy and

reminiscence which bulk so lai-gely in the literature

of the subject. They, however, throw little light on

the true theory of dreams, Ix'cause Wyoud the

otUlity of the results there is nothing extraordinary

in the fact that during sleep, wliilst all the other

faculties are torpid, one—that of memoiy—should

be unusually active, or, that out of the thousands

of dream-combinations some few by mere coinci-

dence tally with the sequence of actual facts and

events, psist, pi-esent, or future. It seems natui-al

enough that the man whose whole soul is wrapped

up in money-getting should now and then dream

of lucky ventures and speciUative enterprises

"of gi-eat pith and moment." The love - sick

may naturally be expected to dream of the

objects of theii- devotion, and the wronged of

the wrong-doer on whom they hope to wreak

theii- revenge.

It is much more intei-esting to glance at another

matter regaitlinjC which there has Ijeen much

discussion—to wit, the alleged continuity of the

dreaming and waking state. It was Emmanuel

Kant who said that when we ceased to di-eam

we ceased to li\'e ; and fix»m the time of Des-

cartes to that of the late Sir William Hamilton,

it has been a favourite doctrine of metiiphysi-

cians that the human mind, as a matter of

fact, never sleeps ; that during sleep it Ls always

working ; that it Ls ever dreaming, though it is not

always capable of recalling its dreams when roused

fix>m slumber. In so far as this doctrine is matter

of argument, it must be admitted that the Car-

tesians fairly hold their own with their .sceptical

critics, who, like Ix)cke, are ai)t to deride the notion

that a .sleeping man can think that which when

awake and in full command of his faculties he

eamiot remember. It is just to remind the fol-

iowei-s of Ix)cke that people who during sleep

present all the api)eaninee of dreaming— tos.sing,

laughing, and even talking—are, as a matter of

fact, unable when they awake to recaiU their dreams

or reprLxluce their thoughts. On the other hand,

it is simply impossible to prove that the .sleeper L>

always thinking and dreaming. It is non.seiise to

.>>iiy that life dejH'mls on eerebml activity, for we
know that in the prolonged tr.mce of fa.stiug

women there is not a trace of mental action to Ix*

seen ; ami yet life ha.s not fled from the slee|»er'H

botly in such cases any more than it has vanished

when animals hibenuite. Again, the safe and

jHJsitive evidence of exj»eriment is opjRJsed to tlie

Cartesian doctiine. Just as it has been ]K)Ksible to

subject the brain of the sleeper to actual oKsena-

tion, so is it possible to see what changes occur in

it when dream-fancies sweep aiul surge over tlie

plain of susj)entled con.sciousnes,s. When a jioi-tiou

of the skull has been removed by the well-known

operation of trepanning, the surgeon can see Mhat

takes place in the brain-substance that he has In-en

obliged to exjx).se. In such a ca.se, when sleej) is

dreamless, the brain is pale, shrunken, and bloo<l

less ; but when disturbed by dreams, the oi^an

swells in volume, protnules from the oi)ening in

the skull, and its pallor disapix-ai-s as it Ls over-

spread by a rosy blush. From these well-attested

facts what may we infer? It is clear that when
ever the .sleej^r dreams, his brain, from being

shrunken and blootUess, becomes enlai-ged, and it.s

vessels charged with blood. This .same increa.se of

size and congestion ai-e always noticeable when
there are signs of dreaming present, no matter

whether the sleeper recollects or does not recollect

the dream. In a word, without saying that tin-

enlargement and congestion of the brain are the

causes of dreaming, we may say that these changes

are the invariable external signs of brain-di-eaming.

But the brain of the sleeper Ls not always congested

or enlarged—as it would Ije if dreams were always

coui-sing through it—and this, we take it, is alx)ut

as conclusive an argument against the Cartesian

and Hamiltonian theories iis can well be demanded.

We are forced then to conclude that the blootlles.s

state of the .sluud>ering brain is an iiulicsition of

drejimle-ss sleep, and tliat there is no absolute

continuity between the condition of conscious

thinking and that in which dreams hover over the

mind like fleeting cloud-shadows on the ri«lge of a
softly-rounded chalknlown. We may tlierefore

sleeji so soundly as to cejise thinking without

ceasing to live. We are not all Munfi-eds, doomed

to wander restles.sly in gloomy Gothic corridors

solilotpiising on the horron* of a haunt<*«l couch,

and exclaiming

—
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" My slumbers, if I slumber, are not sleep,

But a continuance of enduring thought,

^\^lich then I can resist not. In my heart

There is a vigU ; and these eyes

But close to look within."

What has now been said with regard to the rela-

tion of di-eaming to sleep lielps us by a natural step

to a correct tlieory of dreams. Observation of facts

is certainly in favour of the physiological as opposed

to the metaphysical theory of dreaming. It is not

possible to assert that dreams are the outcome of

certain mental faculties wholly independent of bodily

functions, and not affected by the sleep which sus-

pends the activity of these functions. The observa-

tions made on the brains of patients who have been

trepanned indicate that dreaming is not independent

of bodily function, and that, if it be not absolutely

dependent on it, it is at least never dissevered from

it. There seems to be between dreaming, and the

condition of the blood-circulation in the brain during

sleep, an indissoluble connection. The phenomena

of mental or spiritual life may not be effects or off-

shoots of mere physical or bodily acts or fimctions.

But the two are so linked together that the bodily

fimctions, at least, appear to furnish the conditions

that make the mental phenomena possible. It would

be a waste of words to argue that the congestion of

the sleeper's brain causes the dream, or that the

th'eam causes the congestion of the sleeper's brain.

What we may say is that the two facts are so linked

that the brain-action ajjpears to set forth the essen-

tial conditions under which dreaming is possible.

What are we to say of the origin of dreams 1

Where and how are their materials elaborated 1

What determines the order of their combination,

and how are we to account for the extraordinary

vividness of dream-fancies? Mr. Svdly, one of the

most thoughtful of modern writers on dreams, very

satisfactorily divides " the exciting causes of dream-

images" into (1) peripheral, and (2) central stimu-

lations. In other words, sensations which arise in

the .siirface or superficial parts of the body, and

exciting vibrations or movements that take place

in the centi-al portions of the nervous system, fur-

nish the mind or brain with dream-materials. A
good illustration of a dream which derived its mate-

rials from a peripheral source of stimulation is that

which Dr. Gregory records, in which, when he had

;i hot-water bottle applied to his feet, he dreamt he

was walking on the scorching lava of Mount Etna.

No doubt, as the pressure on and the temperature

of the smface of the sleeper's body are constantly

varying, the di-Terent sensations so occasioned afford

an abundant variety of peripheral stimuli for dreams.

The muscular movements of the body during sleep,

the different positions of comfort and discomfort into

which the body is thrown, doubtless help to give rise

to the dreams of athleticism—dreams of which phy-

sical activity is the leading trait, and in which the

sleeper has visions of marvellous feats of strength.

In the same way variations in the condition

of the different organs of the body—the stomach,

heart, lungs, liver, teeth, and the like—supply the

materials of many other dreams, such as those

visions of luscious banquets that disturb tlie slum-

bers of the starveling, or visions of the bloodshed

of battle which make miserable the restless nights

of people about to suffer from haemorrhage of the

stomach or lungs. As to the central stimuli of

dreams, it is not easy to describe them. That

certain movements or actions in the core of the

nervous system itself must excite dreams is more
than probable, because perceptions that have been

piinted on the brain, or in the mind, one week, may
produce as after-effects, and quite independently of

external causes, all sorts of strange visions a month
or two afterwards. Regarding the manner in Avhich

dream-images order themselves, it is extremely plain

that in some di-eams they do not order themselves

regularly at all, whilst other dreams are marked by a

most singular amount of coherence. The cause of dis-

order in dreams is easily understood. In such visions

the materials are being poured in upon the brain fi-om

a great number of different sources, and by a great

number of different stimuli, external and internal,

at once. The regulating power of the will is in

abeyance. The circulation in those bi'ain-tracts,

whose activity furnishes the condition of volitional

action, is too feeble to enable the mind to exercise

any control over the rapid and heterogeneous flux

of dream-materials in which it is submerged, and

the result is a vision deliriously incoherent.

But how are we to explain the occurrence of

dreams that are not disorderly and chaotic 1 There

is no doubt that all attempts hitherto made in tliis

direction are, more or less, of a fantastic nature.

Perhaps the utmost we can say is, that in some

cases accident so orders it that no incoherent

sequence of images is poui-ed upon the mind by

the external or internal stimuli of dreams ; whilst

in others, although the flow of images is chaotic, yet

the mind has retained enough power to arrange

them into, or impose upon them, rational form and

symmetry. Let us assume, for example, that sleep

is not deep enough to neutralise the action of

that portion of the brain in which the physical
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conditions of the faculty of association inunifest

themselves. Let us supiKjse that the nerve-centres

which control the circulation of the blootl in the

bi-ain, so far from shutting otf the How of bloo<l

from this ti-act of the organ, let it nui pretty freely,

what might we not i-easonably expect to hapi)en ?

The sleejjer, when one (h-eam-iiujige was found in

his mind, would, of coui-se, in Wrtue of the active

a.s.sociative faculty, l)e able to link it to a series of

othei-s, with wliich, or with the like of which, in

waking mood, he would be in the habit of seeing

it combined. Tims would a seiies of dream-fancies be

evolved wliich would be neither incoherent in their

mutual relations, nor wildly disai-ranged in their

sequence and procession. Mr. i^W has ingeniously

.suggested that the coherence of dreams may also be

accounted for by the activity of the mind " under

the influence not of the v>-i\\, Imt of certjiin vague

emotional impulses." Of these, he considers the

chief one the " feeling for unity, and the instinct of

emotional hamiony." It is, however, hard to under-

stand how this theory can be described .save as a

restatement in new phraseology of the old doctiine

that sometimes in sleep and in dreaming the mind's

power of voluntaiy control over its processes or its

ideas is not altogether in abeyance. When the

dreamer endeavours by a selective action to fix in

the flow of dream -fancies only those that are

cajiable of coherently combining with each other, it

is dilficult to undei-stand how he is able to give

eflect to his " feeling for unity,' without some more

or le.ss vigorous act of volition.

The desiie for emotional harmony may very likely

force the dreamer in many cases to order his th'eam

in accoitlance with it. But then again, it is not

ea.sy to believe that in such a case the coherence of

the \-ision is not after all due to a pretty di.stinct act

of volition. Otherwise, how is the sleeper able to

reject all ideas that are in conflict with the prevail-

ing tone of emotion— l>e it i)lejusurable or |Kiinful

—

which the presentment of the first dream-image iu

the .series has rai.setl in the mind f With regard to

the strange and intense vividness of dream-images,

it is certiunly remarkable that they should w-em

even more solidly real than the impressions made
on us by the waking state. M. Taine, and other

writei"s who have theorised on this nmtter, do

little more thjin reproduce the old view of

Hartley, which is full of gooil sense. He
jwinted out that in sleep we are withdrawn to a

gi-eat extent from the influence of the external

world, and there is no other reality than that of

the dream present to oppose or interfere with the

vividness of tlie idejus which crowil on our minds in

dreandand. Exjwriment, however, jMiints to another

explanation, or, to si)eak more correctly, it j)uts

the old one in a new light. The intensity of the

stimuli which are the excitants of dreams bears

no relation to the intensity of the impression they

produce on a sleei>er's mind. That this impression

is always, or Tisually, monstrously exaggerated, is

proved by 31. Maury's experiments. He pioduces

some extemal in-itation or stimulus in a sleeper,

and then wakens him at once, so that there is no

time for the dream, which is thus jnovoke<l, to slip

from memoiy. In this way he found that if the

lips of the sleeper were gently tickled, he fimcied in

his dream that he was being torturetl, and that pitch-

])lastei"s were being pasted on liLs face, and nidely torn

off jtgain; indeed, innumerable instances of a similar

sort might be cited. From these it is inferred that

during sleep the brain is unusually excitable, and

that it acconlingly exaggerates impressions con-

veyed to it from the external world. This physio-

logical paradox heljjs us to undei-stand why dream-

imagesare evenmore vivid than those that are formed

duiing our waking movements, and so far it serves

a more useful i)urpose than most paradoxes.

WHY THE SEA IS SALT.

By W. a.

Sujterintendent of the Bt'rminjham ^'yuarium, ond formerlij of the

BEFORE me are two creatures—a gold-fi.sh in a

i,'la.ss Ijowl of water, and a canary-bird in a A^-ire

cage of air. I do not select these because they

aflbrd examples of the manner in which strongly-

marked variations of forms and colouring of animals

are caused by tlomestication and inter-crossing, but

52

Ll.OYD,

Parif, Hamhurg, Westmimter, and Cryttal Palace Aquaria, tU.

l)ecause these two forms of life constitute a pair of

yellow pets the most fretjuently to bo seen in our

homes. The bird-cage represent.s the nJ0.st ordinary

shape of a vivarium, which is a name for any re-

ceptacle for any living animal, and the fish-l)Owl

is the most often seen thing which we term an
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af/2iarium, or aqua-vivarium, if "we wish to adopt

Dr. Edwin Lankester's more precise term. Re-

verting to the bird and the fish, I have to explain

that their two primary requisites are food and

water. The food, which must be organic in its

nature—that is to say, must be either animal or

vegetable food, or both—is requisite to repair

waste, which is always going on while life exists

;

and the icafer is equally needful to maintain the

fluid part of the body, which in every creature

forms the largest proportion of it. This fluid is

always passing away in some form or other, and it

is required to be as continually re-supplied, both to

animals and plants. Consequently, its universality

is extraordinary—as much so as its indestructibility.

If we put into a strong and dry glass vessel,

previously exliausted of its atmospheric air, one

measure of oxygen and two of hydrogen, and by

an interior electric spark set fire to these gases,

they combiiie by explosion, and a flash of light is

seen, while the interior of the vessel is covered with

a fine dew, which is water, occupying only about

g-i-^th part of the volume of the mixed gases. This

proves that water is nothing else but these two

gases chemically combined, and not mechanically

mixed ; and as the same Avater can be again sepa-

rated into these gases, mechanically mixed, and not

chemically combined, nothing more is needed to

show that the composition of Avater is as I have

named. As to its absolute universality, proofs are

so abundant that it is very hard to select them.

Here is one out of many examples. I hold before

a fire, on a fork, a piece of bread, to convert it

into '• toast." The first thing seen is a momentary

cloud of vapour rising from the bread. This is

the tvater it contained, Avhich the heat of the fire

converted into steam (or, more properly, invisible

steam partly condensed into visible water), and it is

very different from the other cloud M^hich in a

few minutes folloAving will rise from the bread

when it begins to char or burn at its surface. Again,

take so common a thing as a wooden lucifer match,

weighing exactly 2*94 grains. Another one might

have weighed a little more or less, but that is of no

consequence for my purpose. I put this headless

match in a small bottle of hard, thin, clear German
glass (Fig. 1), which, with its stopper, both being

clean, dry, and polished, inside and out, together

weigh 130 '9 9 grains. I insert the stoppei*, and I

expose the match inside to the flame of a reading-

lamp, holding it horizontally above the chimney,

and passing it quickly to and fro, so as not to

crack the glass, though it is prepared specially to

withstand heat. After the lapse of thirty seconds,

I perceive a narrow patch of cloudiness along the

cool upper inside of the bottle, and on examining this

strip with a magnifying-glass I

find the strip of dimness to con-

sist of an aggregation ofminute

drops of water, which the

warmth has driven from the

match, as the fire had driven

it from the bread, and which,

instead of escaping into the

air, was confined in the bottle,

and which I can now weigh.

In doing so it is found, on

quickly dropping ^out the

match, and replacing the

stopper, that the bottle now
weighs 131 '03 grains, being a

gain of 0-04 grain, in conse-

quence of the access of water

clinging to its sides and evapo-

rated from the match ; while

the match, on weighing it, is

found to be 0-04 grains lighter

—namely, 2-9 gi-ains instead

of 2 '94 grains. Dry the bottle

carefully again, and it Avill be

seen that it has regained its ^g.^El^eriSeSsir^^^^^^^

normal weight. Now, take a

long piece of paper the area of

a halfpenny stamp, and cut minute portions off

its corners till its weight is made precisely half a

grain. Let this be placed in the bottle (Fig. 1),

and heated as was the match, and in a few seconds

we see a tiny cloud inside the glass. On removing

the bit of paper and replacing the stopper, we
find there is, on weighuag, a gain of O'Ol grain

to the bottle, and a loss of O'Ol to the paper.

In a few hours, however, on leaving the bottle

open, and the match and paper exposed, the bottle

has lost weight, as the water has evaporated from

it, and the match and paper have gained weight,

ha^dng absorbed moisture from the air. But
how do I knoAv otherwise that moisture is in

the air? Nothuig seems less like it on this hot,

blazing summer day on which I write, with the

temperature at 85" Fahr. in the shade, all local

disturbances tending to mai'k a higher or a lower

heat being carefully eliminated, and the heat being

75° Fahr. even in my cool room. The white road

before me seems baked with the intense blaze, while

the nearly black asphalte foot-pavement is by it

made so soft that passers' heels leave deep dents

;

Evaporation of Water.
{Acival Size.)
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ami the leaves of trees, and herbage generally, ever}'-

where, are thickly coveretl with <^«*yi.sh-white ilust.

A(Ul to this, that the suburb of London where I

live Is remarkable for its want of water. We have

neither river, nor brook, nor i>ond anywhere near

us, and a tiny i-ain-suppiiiHl .sprinj^ which wells

up in a held opposite us is one of the wondt-i-s

of our village. Yet, there is water everywhere,

even in the parched air of this noon of a niid-

.'^ununer day. Tliis can be shown in an in-

stant. 1 j^et an ounce or two of ice, and 1

break a portion of it in small bits, and put it

insiile the bottle (Fig. 1). See—in a moment the

ouUside of the Ixtttle is betlewetl with moisture, a

magnifving-gla-ss revealing numerous minute and

closely-packed beads of water, just the same as

those Ijeails which in a former exj^eriment we saw

iiudile the l>ottle. The water cannot, of course,

have come through the glass of the Iwttle. It

came from the an-. That is to say, the coKl inside

the bottle was lower than the temperature outside

it, and hence the moisture in the air in contact

with the exterior of the glass was .so retluced in its

temperature, that it could no longer retain its in-

visible ga.seous state, and it became conden.sed as

visible water by the cold, as the tiend was made
unwillingly visible by the touch of the si^ear of

^Milton's Ithuriel. After awhile, when the ice melts,

and its resulting water lias assumed the temperature

of the sun'ouiiding air, the outside of the bottle

becomes dry, matters being thus brought to a

balance. Tims, water is ever}'where contained in

whatever can take it up.

Its absolute iiulestructibilit ij is a great marvel.

Not a drop of water out of the enormous quantity

of that which is " in the heavens above, in the earth

beneath, and in the waters under the earth," has

«ver been lost or destroyed in any way, nor can it

l)e so lost. That which was in the great ocean last

week or month—perhaps in the Antipodes, perhaps

in the Atlantic, possibly below the .surface of the

calm and seldom disturbe<l and intensely salt Dead
Sea of Palestine, may be now, to-day, bubbling up in

the tiny spring I have named in our Lower Norwood
Held, on the other side of our i-ailway. Next year

it may possibly form part of the steam which is

j)uffed from tlie funnel of the locomotive engine on

that very railway. Or it may lie emi)loye<l as a

means of washing into the rivei- Thames the emana-

tions of the millions of human and other animals

which London contain.s, and in finally carrying them

into the great recipient of them all—the ocean.

Tlien afterward.s, or before then, it may be di-ank

by human or other creatures as clear water, or as

the ba-sis of any of the many beverages with which

thirst is (luenchetl. Or it may circulate through

our bodie.s, or the botlies of animals, as the basis

of blood, or through the circulatory systems

of vegetation in the trees and herbage around us.

But it is never destroyed, and never has its con-

stituents changed in proportion, no matter how
varietl its form may be, as in ice, or actual water,

or visible or invisible vapour, or mi.ved with any

other substance whatever. It may come in contact

with tire, and may thus bex-ome changed into its

coiLstituent ga.ses ; but it is again reformed—again,

Fi^. 2.—Bottle for Testing the Bulk aud Weijrlit of Water.
(Actual Size.)

and again, and again— endle.ssly. In Fig. 2 is

shown the actual size of a sHiall Ijottle used con-

tinually by the writer in his work. It is made

so as to contain 500 gi'ains' weight, which is a

little more than one ounce, or two cubic inches,

of the purest water obtainable. The weight of

the bottle itself, di-y and empty, Ls about 240

giiiins, though that is of no gi-eat consequence
j

but when this weight is counter) Kji.sed in an

assay-balance, then it is found to Ik* exact to the

_x_th part of one gi-ain, there being 7,000 grains to

one poimd. The Ixjttle must l)e quite full inside,

and quite <hy outside, aud the minute hole seen

i-unning along and thro\igh the stopi)er serves as

a kin<l of safety ajiertuiv, enabling the bottle to

be completely tilled without bursting. This ajier-

ture senes also to allow me to show the largest

amomit of water I have found in i lucifer match
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in an ovdinarv condition, and fit for use on a wet

day—namely, y„tli of a grain, which happens to

be by accident as much as the hole will contain,

which is the 5^oVo*'^ P^^"^ ^^ *^^^ contents of the

bottle itself. One-tenth of the hole full of water,

therefore, is what a halfpenny stamp without its

gum usually contains of water. In other words,

5,000 lucifers, or 50,000 halfpenny stamps, may
contain as much water as this bottle holds. When
I allude to pure water, I write of what one very

seldom sees—namely, a compoiuid of oxygen and

hydrogen, and nothing whatever else. If I take

some of the water from the little cool bubbling

spring over the way, and weigh the bottle full,

I find it somewhat heavier than 500 grains.

And if we take some from the turbid small hole

into which it runs, at the bottom of the field,

near the edges of wliich all the urchins of our

village play, and into which they cast much filth,

we find it still heavier, as it contains in solution,

both seen and unseen, various matters besides

water, all more heavy than it, and in the case of

some of them adding to its weight without pro-

portionably adding to its bulk. So we take some

of this impure and heavy water, and place it in a

glass retort, to the bulb of which heat is applied,

letting it boil, or rather simmer, gently, when steam

slowly emerges from the tube of the retort, and

this is converted into water, which falls, drop by

drop, into a suitable receiver. We then weigh

this water, which has been condensed from steam,

and find it very nearly pure, because of the small

power which the impurities had in rising as vapour

and passing off with tlie steam. If we distil the

same water twice over, we shall find that the bottle

shown (Fig. 2, full) weighs very nearly 500 grains,

or a trifle over—say about the xoo^^ ^^ * grain.

As a matter of fact, however, the purest water

the writer has ever been able to obtain at the

third distillation was ^^ths of a gi-ain in 10,000

grains, which is not quite a gi-ain and a half in

one gallon weighing 101b., or 140 bottles full as

Fig. 2 ; and a single drop of such water evaporated

on glass has always left a visible residual film.*

To make more strikingly apparent how bodies

may have the same weights, but yet occupy very

different spaces, I have here drawn a diagram (Fig.

3) showing five fluids and three solids with an ac-

curacy which is as near as can be attained on so

* Professor Geikie (".Physical Geography Primer," p. 88)

is certainly in error in saying that spring water leaves no such

film. Not merely iloes spring water, and that least impure

natural water, hoar-frost, or frozen dew, lea^e a film, but

even distilled water does so.

small a scale, but which, if not absolutely correct.

is yet sufiiciently so to express the relative densities

of each substance :

—

1. Pure Water.—For convenience, this is con-

sidered as 1, or 1,000, and Ls everywhere accepted

Fig. 3.—Showing relative Densities and Weights of Various
Substances.

as the standard by w^hich all other bodies are

weighed and measured, both those which are lighter,

and those which are heavier, than it.

2. British /S'ea-TFIfffe?-.—Specific gravity, 1020 to

1027.

3. Dead Sea Water.—^^ec. grav., 1180 to 1200.

4. Strmig SulphuHc Acid.—Specific gi'a\'ity, 1800

to 2000 (the heaviest fluid known, not being a

melted metal).

5. ^^Aer.—Specific gravity, 0-720 to 0-800 (the

lightest fluid knowni, not being a gas).

6. Lithium.—A metal: specific gravity, 0-593

(the lightest solid known). It Avill float even on

No. 5. Such substances as cork and pith are not

really solids. They o^ve their lightness to being

much permeated with air, mechanically.

7. Platinum.—A metal: 21-055 to 22-069 (the

heaviest substance kno\\'n, except, perhaps, ham-

inered iridium).
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8. Meaia densitv of the entire earth we \i\o on,

5 -602.

So we see clearly tliat water is a solvent of many
things. Also that it can be evai)oratetl, when it either

passes ofl' into the air \Tsibly or invisibly, as steam

does as it issues from the spout of a kettle ; or the

steam may be arreste<l an<l i-e-con\erte<l into water.

Now, of the whole extent of our earth's surface,

about thrice as much more of it is covered by

water than is coveretl by land. And on some i>art

of this waterj- .surface of enormous extent, the hot

sun is always shining, and ever causing vai>our to

rise from this water, both from seas, lakes, rivers,

and wherever else in either solids or liquids, in which

it occurs, just as we caiused it to ri.se in vai)Our

from wood, juiijer, and anything else containing it,

in my lx>ttle (Fig. 1), and as it is nuule to rise in a

retort, and to be deposited again as water in each

of those instances, by contact with something colder

tlian that vaj>our. Watery- vajwur rises even from

ice, at far l>elow the freezing-j)OLnt of 32" F. But,

all, or nearly all, of the solids which the water

may contain are left behind, and the.se do not

ii.se up into the air. Therefore the sun may be

regarded as an enormous pimip of vast {wwer,

which every moment is lifting into the air millions

of billions of ton.s' weight of water. It Is very

ditficiUt, thus, to expre.ss in figures the amount of

all tlie waters which we know to exist and flow

everywhere. And our earth—the huge glol>e on

which we live—Ls by its atti-action always drawing

down this water towards itself by the force of

gi-avitation, or by that mysterious power which

causes smaller bodies to be di-awn towards larger

ones ; and what we call " weight " meaning the

measure of the amount of that force. The earth is

pulling down all things towai'ds its centre, and the

force which measures that pull Ls tenned ponderositi/,

or v>ei(jht. and the nearer the matter being pulled is

to the eai-th's centre, the stronger Ls the force which

pulls it. Th\is, the lx)ttle which contains 500 gi-ains'

weight of water at the earth's surface would con-

tain nearly 14 times that weight in the same bulk

if it were at the bottom of a hole 400 miles deep.

In other words, at that disUince from the earth's

surface, water would weigh the same as the met;il

mercury weighs at its surface. Water, too, is

constiintly engaged in a mechanical denudation

of whatever it runs over, the wearing - away

jHjwer dei>ending on the speed of its flow, or the

.strength of its stiiking force. Tliis, therefore, is

the process— the sun's waiTuth converts water

into an aqueous vajKJur, which Ls lighter than

atmospheric air, and which acconlingly rises in tliat

air and minsles so intimatelv with it. Tliis is wh\

the l)Ottle (Fig. 2) Ls in.scril)e<l with the tem|>era-

ture of its correct weight—GO' Fahr.—aa, if the

water it contains were higher than that, it would l>€

lighter than 500 grains, and the fluid would occupy

a larger spac-e. The tii-st thing, therefoi-e, which

water does on becoming warmed, Ls t^j increitse in

bulk, and this increase goes on till it becomes

vapour. And when it is cooled it becomes .smaller

and smaller in bulk and header in projKjrtion,

until, just before it is cooled down to freezing-iK)int,

it again becomes lighter. Hence, ice floats in watei-,

which is a wise provision, as, if it sank, and fresh

increments of ice formed over what was submerged,

the quantity of ice formed in winter wouM be too

great for any summer's sun to melt it. It seems

to me, therefore, that my little bottle (Fig. 1) Ls an

excellent and original illustration, on a minute

scale, of the oi^erations of nature, as sho'wing how

heat causes water to rise invLsibly, and then how

cold causes it to Ije dejjosited and to fall down

\x\tovL the earth again, as water, in the form of

rain, snow, hail, dew, or sleet. "We did not, in

our small experiment with the match and piece

of pai)er (Fig. 1), get enough water to fall, as we

could have done by several repetitions of the trial,

and therefore the slight dimness we obtained inside

the lx)ttle formed a further and apt illustration of

clouds in the sky when they are masses of visible

va]>our not specifically heavy enough to fall.

I have already mentione<l the solvent character

of water, or its j>ower of taking up and dissohing

out. more or less, whatever is soluble in whatever

it flows ovei", or nms thi'ough—this chemical result

l)eing aided, of couree, by the mechanical ei-osioii

wliich accompanies its flow ; and this summer I

have been so fortunate as to procure samples ot

water from various distant places, showing this

strikingly, and I have dLsi)layed these results in a

tabulated form. Thei-e are five columns, of which

A is the one giving the number of the twenty kinds

or groups of water ; B refers to their denominations ;

c presents the actual quantity of dLs.solved matter

in grains and fractions of grains in the liottle

(Fig. 2) ; D expresses the si)ecific weight of the

several waters in comjwirison with ideal pure water,

which is always regarded as 1,000 (whether grains,

jKjunds. tons, or what not) ; all other substances,

solid or fluid, l>eing calculated acconling to this uni-

versal standard. Thus, if Fig. 2 contuns 500 gi-jiins'

weight of pure water, it would contain about 900

grains' weight of strong sulphuric acid, which is the
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heaviest non-metallic fluid know n. Or a solid piece

of the metal platinum, exactly titting its interior,

wonld weigh over 11,000 grains; while a similar

piece of the metal aluminium would weigh only

1,250 grains. This specitic lightness of aluminium

is a fortunate thing for me, because in making out

the following tahle, I have had to use weights so

small that some can only be seen with a magnifjdng-

glass, and if they were made of any other metal

than aluminium I should hai'dly be able to see and

handle them at all. I have to explain that in

weighing these se^'eral waters, I have not, once for

all, used a 1,000-grain bottle, because so gi-eat a

weight as that would be neai-ly (with the coiinter-

])oise) thi-ee ounces in each pan, and that would be

an injurious load for my very sensitive balance.

Hence I double c to get D. E expresses in grains'

weight the quantity of invisibly dissolved solids

each kind of water contains in one gallon weighing

101b. or 70,000 grains. Hence:—

-

"A pint of pure water

Weighs a pound and a quarter."

Hence, also, one pound weight is 7,000 grains.

The quantities in E are got Ijy deducting from c

the number 500, that representing the pure water

<>ontained in Fig. 2, and then multiplying the

residue by 140, as one gallon is exactly 140 times

500 grains. Column F shows the amount of abso-

lutely pure water in oiie gallon of all waters found

everywhere, and the actual weight of a gallon of

any of the waters I have here set down can be seen

by adding E and F together :

—

A B 1 C D E r

1 Pure water (Monoxide of Hy-
drogen) 500- 1000- — 70000-

2 Distilled water (third evapoi-a-
tion) 50001 1000-02 1-4

3 Melted boar-frost (frozen dew) 500-02 1000-04 2-8

4 Loch Katrine water (Scotland) 500 03 100006 4-2

5 River Alwyn ,, (N.Wales) 50009 1000-18 12-6

6 Various well-waters in and
around Loudon 50014 1000-28 19-6

7 Thames watei'—mixed London
samples 500-17 1000-34 238

8 Seine water—mixed Paris do. 50015 1000-3 21-

9 Jordan „ ,,~\

samples . . ( Feeders of 500-05 10001 7-

10 Ain WacU Zerka C 19 and 20. 500-09 1000-18 12-6

11 Ain Jerabah J 500-08 1000-16 11-2

12 Baltic Sea water- weakest . . 502-95 1005-9 413-3

13 „ „ medium . . 50419 lfK)8-38 586-6

14 ,, ,, strongest 505-63 1011-26 788-2

15 British ,, weakest . . 510-25 1020-5 1435-

16 sti-ongest 51388 102776 1943-2 "
17 Mediterranean Sea

water weakest . . 512-61 1025-22 1765-4
18 Mediterranean Sea

water stronsrest 516 43 1032-86 2300-2

19 Dead Sea water—weakest . . 528-16 1056-32 .3932-4

20 ! „ ,, strongest 613-28 1226-50 15S59-2

* Mr. Wanklyn gives the specific gra\'ity of the Atlantic

Ocean—what part is not stated— so high as 1088', but there is

probably an error here.

I liave never been able to get as much as 500 grains'

weight of No. 1, and even with the expensive appa-

ratus nece.s.sary to do so, I could not handle and

weigh it in any manner not implying contact witli

air, so that it may remain pure. Absolutely pui-e

water must be prepared in a vacuum, and it must

never have had any contact whatever with air of

any kind. Such water would be instantly fatal to

any animal, as a fish, breathing it, simply Ijecause

it contains no oxygen in solution which the animal

can use to aerate its blood in its gills. It contains

only oxygen in combination, and that the tish

cannot separate and use. The result in No. 2 I

should not have expected had I not obtained

it by actual trial. I evaporated a gallon of

di-stilled water twice, and the third time I allowed

the water thus distilled to fall, drop by drop, into

a small polished platinum capsule kept hot )jy a

BiiiLsen burner, and at the end of the process the

capsule weigh etl 81-08 grains, compared to 79-68

grains at the commencement, when it was chemic-

ally clean, in.side and out, .showing a gain of 1*4

gi'ains. It was also a very tedious thing to collect

as much as 500 grains of No. 3, which is the purest

water kno^vn in nature. No. 4 comes next. It is

Aery pure, because it flows over granite, on which

it has but small action. But even this water is

sometimes less clear and pure than at other times,

as in the Times of Augu.st 15, 1878, Dr. Mills

reports that it then recently contained " muddy
particles, with .some flakes." No. 5 I have .selected

because it is from the little river by the side of which

I u.sed to mind cattle when a lad ; and while some-

times there was never more water than would covei- a

cow half-way up her legs, in the precise spot to which

I allude, yet sometimes, after heavy rain, this tiny

stream Avould be converted into a mighty roaring

brown torrent, carrying all before it, both soluble

and insoluble. No. 6 explains itself, and of course

its matters in solution are obtained by dissolving

them out of the soil through which it flows. Nos.

7 and 8 are examples of waters taken when the

Thames and Seine were at their least best and

cleanest. Nos. 9, 10, and 11, are exceedingly inter-

estins: as being currents which feed 19 and 20. I

was very fortunate in getting these five, as well as

five other examples in my list, all in one week. The

very low marine specific gravity of 12, 13, and 14,

is caused by the salts of the Baltic Sea (whic-li.

indeed, is but a large estuary) being washed away

from it by the great rivers running in and out of

its north end, and which sweep out, so to speak,

its saline parts. So too, with the Black, and
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Caspian, and Aral Sejus, all iH'lng only l>rac-kisli.

Nos. 15 and IG arc vt-ry variable in tluir salinity.

It is scarcely j)o.ssil>l«' to find two t-xaniples from

the same spot on two successive days, or even

hours, without marking some difference in weight

in them, caused by the influx of fresh water and

tidal movements. In several places, especially in

marshy districts near the sea-side, as near the

mouths of the Thames and Medway, I have often

seen both marine and fresh-water animals living to-

gether in the same wat^r, and I have .so kept them
in aquaria at a density of only 1 OUo to 1012-. No.s.

17 and 18 are remarkable. The Mediten-anean Sea

is, as its name implies, a land-inclo.sed sea ; almost

so, that is, but having a small means of connection

viith other seas at the Straits of Gibraltar. This

accounts for its high density, because its e\aj>ora-

tion is great on account of the considerable heat of

its climate and its inability to become more diluted

by mixing with other seas. Nos. 19 and 20 are

yet more remarkaVjle. The Dead Sea of Palestine—

so called partly from the sluggishness of its water, it

Ijeing .so heavy that wind can get but small hold

of it—has its level 1,200 feet below the level of the

Me<liteiTanean, and therefore it has no outlet and

no known exchange of water with any other sea.

Tlien it is exposed to a burning sun, and its evapo-

ration is coiTesi>ondingly large. Added to this, the

feeders of this sea contain much salt or substances

in .solution. No. 9, for example, liJis in it between

three and four times as nmch as Nos. 3 and 4 have,

while 10 and 11, also flowing into 19 and 20, have

still more. Tlierefore, all circumstances combine to

cause this very remarkable sea to be intensely salt

and acrid. Precisely the .same causes, acting In

exactly the same manner, are the rea.sons why other

\ery salt ma.sses of water in nature are so. Tliere

is the Great Salt Lake at Utah, for example, which

is .salt to the point of saturation, when it cannot

dLs.solve anything more, as the Dead Sea appears

incapable of doing. It would bo curious to know
whether No. 1 9, representing the Dead Sea, where

the water Ls much diluted y)y the entering Jordan,

contains fish and other animals, such as live in

other seas cf)ntaining as nmch as or le.ss di.s.solved

solids than it does. Experiment may help in such

a matter, and accordingly I ha^•e prepared .some

Dead Sea water—that is, I have compounded it

according to .analysis, and have arranged a small

aquarium with it, and I await results for pub-

lication. L^p to now, I have never been able to

mix any fresh water with any sea-water, in any

])roportions, giving densities varying, in twenty

exj»eriment«, from 1003" to 1200-, without obtaining

results both as to animal and vegetable character-

istics, which demonstrate that the characterb of

the creatures and the ]»lants largely dej>end on the

amount of .solids which the various admixtures

contain. We see this in oceans, and rivers, and

stream.s, as we set; it in afjuaria. large or Nmall.

Hence, to my mind, all bof)k.s which divide their

subject of atjuaria into fresh-water aquaria and

marine aquaria, seem unphilo.sophii-al, Ijecause one

gradually merges into the other, in addition to

both being governe<l by the .same general physical

and chemical law.s.

Yet, if we look at each end of the whole great

series of chains of fresh and sea waters on the

face of the globe, and do not so much regard the

more central connecting-links of the chain, we see

that the general characters, of the animals e.s-

pecially, are largely influenced by the greater or

le.ss amount of dissolved solids in the water. Re-

garding only our British seas, for example, we
have but one cru.stacean of any considerable size

{Astacus or crayfish) in fresh water—and it is not

very common, certainly not very large, and certainly

local—to represent the vast number of great

lobsters and crabs, <fcc., in the sea. This is what

might have been expected from the diflerence in

the water, as containing or not the materials for

building the great and thick, heavy shells posses-sed

by .such creatures. Nor do we find in fresh water any

shell-fi.sh (mollusks) with .such heavy and .strong

shells as oysters, and others, both bivahes and uni-

valves, inhabiting sea-water. Those in fresh water

are thin, light, and horny. In fresh wat^-r also

there is an entire absence of the group of animals

temped Fc/iiiuxleruiata {.sea-urchins, starfishes, ic. ),

many of which secrete hard cases.

Tlius we see that the saltne.ss of the sea has

been caused by the wa.shings-out of the land, and

chiefly by the disintegrated and always disinte-

STatint; salts of the rocks of the land. Not

only are they constantly being worn away by

mechanical abrasion agaijist each other, anil by

the pa.s.sing over them of forcible currents, but

cold and heat greatly assist in their breaking up,

and in having di.s.solvetl out of them as nmch as

can be removed. I have mentionetl that when

water freezes, it expands and V)ecomes lighter

in a state of ice than when in the condition of

water. Tliis is of great value in making the

sea salt. Supposing a j>orous stone containing

much .soluble matt<ir gets saturate<l with water ; if

that water is frozen in the pores of the stone, the
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expansion of the water in becoming converted into

ice rends it asunder with enormous force, into

small fragments, thus very greatly exposing its

dissolving surfaces to the action of the water, and

thereby hastening its solution. We see this action

constantly in our houses in winter, by the bursting

of pipes by frost. Earth, too, when moistened by

falling rain, and then freezing, expands that soil,

and makes it more porous and less compact, and so

quickens the dissolving power of future rainfalls to

remove from it all it can on its way to the sea, and

there to deposit finally whatever it has gained.

Even our little village spring is aiding in this work

of conveying solubles to the ocean, as it has gathered

matter even during its short travel underground

from the toj) of the hill beyond, of which it is the

visible drain. Then it sinks into the earth over a

wide space, and when it again re-appears it will be

found with yet more solubles in it. And when

frost is not breaking up stones in winter, heat

is doing so, in a less degree, in summer. Before

me is a large porous stone, which in 1870 was

wrought smooth by a mason. Ever since, sea-

water has been allowed to enter it in such manner

that it evaporates at its surface and leaves it dry.

And the crystallisation of evaporation has acted in

the same manner as the crystallisation of freezing,

for the block of stone is at its surface deeply honey-

combed and eroded, and is crumbling to powder,

it having lost 25 per cent, of its weight in only

eight years.

And so the world goes on. At the begimiing of

it—when it " was without form, and void, and

darkness was upon the face of the deep"—that

deep could not have been salt water, nor yet fluid

water at all, though it was primarily the same water

of 70,000 grains to the gallon that now exists.

It was only when light was created, in the shape of

the sun, the great source of all light, life, and heat,

that water became converted into water, from ice.

Then, on its assumption of fluidity, its present

motion began, and it commenced by the power of

the sun's heat to rise in the air as vapour to

descend on the earth, and to gradually increase in

saltness as it descended seawards. Without the

sun and light there could have been no life either

of plants or animals ; but as soon as that light

shone on the earth, motion, and life, and the salt-

ness of the ocean, commenced simultaneously, and

have been going on ever since.

If we had any means of ascertaining the amount
of soluble matters contained in the " silver streak

"

of sea between the Continent of Europe and Dover

when Caesar crossed it, nearly two thousand years

ago, to conquer England, we should find it con-

tained less than when William the Norman crossed

it for the same purpose a thousand years later, and

.S..ff..Ji037,at_y

Fig. 4.—Hydi'ometer. {One-third advAl Size).

that at the time of the Norman Conquest it was

less salt than it is now ; not much less, however,

because a period of one or two thousand years is a

very small space of time in the world's histoiy.

And so it progi'esses. Nothing stands still

;

nothing is repeated

—

" Xature brings not back the Mastodon,

Nor we those times."

Wliat was something yesterday is another thing

to-day, and will be some other thing to-morrow.
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Constant motion means continuous denudation, and

that means incessant change, and that signities

nover-ending evolution. Nothing is isohited, hut

fverj'thiiig is interHlei>endent in such a wondeifiU

UKinner that it is hot j)ossible for anything to h;ii)-

j)en to one thing uiUess it affects some other thing,

no matter what theii- apparent remoteness may be.*

Tlie motle I have descril)etl of ascertaining the

density of .sea and other water by weighing it, is,

though very accui-ate, a process reijuiring much

expenditure of time and money. Therefore a more

usual, but rougher, mode of doing so, is by an

hydrometer. One is shovsni in Fig. 4 ; it consists

of two hollow gla.ss l)alls uniteil by a short neck.

Tlie lower and smaller ball is loadetl with mercur}',

so that the stem surmounting the larger and upper

one shall sink to a certain point marked on it.

Then, on the water in the glass jar in which the

instniment is floated being made more or less

dense, or increasingly or decreasingly salt, the stem

will be immersed or not in a certain proportion

marke<l in degrees upon it. The regulation or de-

gree of salinity is thus marked by the amount of

the displacement of water made by the stem. The

hydrometer hei-e shown is made to show densities

from 1-020 to 1030 at 60' Fahr.

Another and cheaper motle of showing density of

sea-water in aquaria is sho%\Ti in Fig. 5, wliich is an

engi-aving, full size, of the instrument I have used

for many years. It is called a Specific Gravity

Bubble or Bead, and :onsists of a small hollow glass

ball, ha^'ing a solid tenninal shank, so an-anged

that the mass of glass and the air it contains

shall be precisely equal in weight and volume

to a mass of fluid which it displaces. It is ex-

tremely sensitive, almost too much so in unaccus-

• The late Professor Forchammer, of Coi>enhagen, was one of

our greatest authorities on oceanic chemistry. In accounting for

the fact that while the chief component of sea-salts is chloride

of sodium, the main ingredient of river-water is carbonate of

lime, yet he stQl accounts for the salts in the ocean being the

gradual accumulations of those brought into it from rivers, by
thus summing up :

—
" The quantity of the different elements

in sea-water is not proportionate to the (quantity of elements

which river-water pours into the sea, but inversely to the

facility with which the elements in sea-water are made insolu-

ble by glacial-chemical, or orgauo-chemical actions in the sea ;

and we may infer that the chemical comi>osition of the water

of the ocean in great part b owing to the influence general

and organo-chemic.al decomposition has upon it, whatever may
have been the composition of the primitive ocean." Forcham-

mer discussed this subject at the 1844 meeting of the British

.Vdsociation, and he and others have shown how molluscs,

corals, hydrozoa (sea-firs), echinodermata (star-tishes, sea-slugs,

and sea-urchins), and other carbonate of lime secreting animals

deprive sea-water of carbonate of lime, and decompose sulphate

of lime. Silica, abundant in river-water, is taken up by
sponges, diatoms, ic, hence it ia scanty in sea-water.

53

JDensity I'OSO

and Ump Co' F^.

vAen- hal/-way tit

tomed hiuuls, because the amount of force which

causes it to sink to the bottom, or remain floatuig

at the surface, of such a mass of water as is hern

rcpre-sentetl, is extremely small, amounting pro.

bably to not more, if it could be mea.su i-ed, than

the millionth of a grain weight for each inch of

movement. The one re-

presented is shown half-

way do^^^l the water,

there remaining station-

aiy. The extreme deli-

cacy of this little and

cheap contrivance is

such, that in the one

shown, the increase of

density caused by the

height of so short a

column of fluid as two

inches, hindei-s the ball

from sinking, while the

lesser density of the

upper half of the column,

caused by the absence of

pressure, hinders it from

rising. In using it, the

water should be corked

in the tube for some

hours before trial, that

aii'-bubbles may escape,

and that evaporationmay
be hindered. I have used

this instrument as a

means of illu.strating

quickly how the sea has

l>ecome salt by evapora-

tion, and I find the ball

lises even after the most

carefid attention totem-

pei-ature, when evajwi-a-

tion is compen.satetl for

by the addition of the

purest water I can pre-

pare, which, however, is

never pure, and hence a

small amount of solids gets intix)duced. I have

also used it to show the minute increase of tem-

perature which takes place in the motion of

water. Tlie drawback to such a bulb is that it

can ^)e regulated for one degi-ee of density only
;

in the present one, this is 1030 at 60' Fahrenheit

exactly. The smallest difference of temperature

affects it in a very marketl manner, a.** no oi-dinary

thermometer will indicate. The one showii weighs

;

Tig. 5.-Si.oc;-i L;r,i\itj; Bubble
in Tube. 'Actual bite.)
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92-35 grains, and therefore the mass of water the

space of which it occupies, weighs also 92-35 grains,

while the dimensions of each must of course be

precisely equal. The same law would govern, what-

ever the size and weight may be. Galileo is said

to have made the first such density-ball of a mass

of wax, into which he pressed morsels of metal till

the right weight was obtained.

THE ANATOMY OF A LOBSTER.

By Dr. Andrew Wilson, F.R.P.S.

IT is one of the most important features of natural

science that a large proportion of the objects

with which it professes to make lis acquainted may
be obtained from the surroundings of ordinary life.

The botanist, for example, is everywhere surrounded

by the objects of his study. "The meanest weed

that blows " may present to his mind problems of

the deepest import, and may serve to convey truths

of nature of the most valuable kind. The desjiised

worm or caterpillar, and the, in popular language,

" nasty " frog or toad, serve, in turn, to teach the

zoologist very many important facts concerning

animal life at large, and demonstrate anew the

saying that science has power to raise new worlds

for thought from the objects that lie around our

footsteps in such unheeded profusion. A very

common animal has, in the present instance, been

selected as the subject of a few lessons on the

structure of the group " Crustacea." The common
lobster is, perhaps, as familiar a denizen of the sea

around our coasts, as exists. It is a being equally

familiar to us in the fishmonger's shop, and,

perhaps, most familiar to the generality of civilised

mankind in the particular aspect which causes it

to figure as an important element in " salads " and

like culinary combinations. But if the animal

may thus be shown to minister to the luxury

and maintenance of man's body, its history is no

less surely fraught with nutriment to the mind

zoologically inclined. And even to persons of by

no means pronounced natural history tastes, there

may be much in the })liilosophy of a lobster to

edify and instruct. In the search for such

elements of edification we may, therefore, begin

a brief study of this familiar animal.

That there are various kinds of lobsters is a fact

which a glance at a fishmonger's window ser\"es

amply to substantiate. There is thus the common
lobster to begin with—the Homarus vulgaris of the

zoologist (Fig. 2). A second species, common enough

in London, is the spiny lobster or sea cray-fish

(Palinums vulgaris), differing from the common

lobster in the brownish-red colour, in the rough

and spiny nature of the shell, in its usually

larger size, and zoologically, in several important

structural features, which need not be specially

alluded to at present (Fig. 8). The common lobster

being, however, the more accessible animal of the

two, we shall select it as our type, although it may
be remarked that much of our description of the

lobster A\'ill apply to the sea cray-fish also—the two

animals being related very much as fii'st cousins

are amongst ourselves. A live lobster is, com-

paratively speaking, an active animal. He may be

seen to crawl somewhat majestically over the rock-

work of his tank in an aquarium, and possesses

the singular habit, when irritated in any way

—

and occasionally as a natural mode of exercise

—

of suddenly careering backwards in the water, by

shar]! contraction of the broad tail-fim he possesses.

Viewed at rest, the long feelers wave backwards

and forwards in the water, and certain of the mouth

organs—of which the lobster possesses a formidable

array—are seen to keep up a constant movement,

which, Ave shall afterwai'ds note, is intended to

renew the water required for the " gills " in the

act of breathing.

Suppose that we examine now the outward

features of the lobster. The animal is encased, cap-

d-pie, in a shelly armour, the shell being merely

the skin hardened by the gi'owth therein of lime.

Curiously enough, the animal, along -wdth its near

neighbour the crab, periodically contrives to get rid

of this armour, and slips out of the shell as deftly as

a mediaeval knight laid aside his accoutrements. For

a time the skin remains soft and unprotected ; the

animal, from motives of self-interest, retiring into

the obscurity of private life, until such time as the

blood-vessels of the skin shall have brought their

quota of limy matter, from which the skin will again

construct a new suit of shell-ai-mour. The occur-

rence of this process of " moulting " in the lobster

becomes additionally interesting when we learn

its physiological utility. The marked growth of
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the animal miiy l>o said to be effecteti at ti»e periods

when tlu» shell is sheil ami rene\vi>il. The increase

of a boily encased in an unyielding armour is simply

impossible ; hence the laws of periodiail growth

provide for the moulting of the shell, and for the

formation of a new armour adapted to the en-

largement of the botiy. It is an interesting fact,

that in conformity with the law that growth is

greatest in youth, we fiiid the lobster to cast its

shell more freijuently in its early youtli than in its

lat-er years. Thus, during its tirst anil second yeaix

of life, the lobster sheds its armour six times, the

third y(>ar four times, and only thrice in the fourth

year (Fig. 1).

As evt'rvl)ody know.s, when the animal is boiled

the dark blue and mottled colour of the shell jrives

i'v^. 1.—Young Lobst<3rs at iho Period of tlieir Tiiird Moult. [Sir Times Natural Size.)

place to a bright red, a hue which more than one

non-zoologiciil artist has unwittingly reproduced on

canvas as the natural tint of the lobster. The

alteration of colour in the boiled shell is due to

chemical changes, the exact nature of which need

not be discu.ssed here.*

The lobster's body to ordinary observation

appears to consist of a solid " head " and a jointed

"tail." The question of " heads or tails" in the

present instance reipiires, however, a little discussion

for its satisfactoiy solution. The lobster must
possess a "body," and it may be shown that the

so-called " head " includes both head and chest, so

that we finil the animal to resemble an insect some-

* Some one has called the lobsters the " cardinals of the
sea ;" but tlicy are not canlinals until boiled. Yet in Kajiliael's

famous jticture of tlio miraculous draught of fishes, all the

lobsters albeit there are none in the Sea of (ialilee— are

painted reel. The artist apparently only knew them in their

culinary as^iect.

what, in that it possesses a /wail, chest, and aMonteit

— the latter being the joint<'d " ttiil " of popular

observation. It may be somewhat instructive at

the present stage of our proceedings to institute a

cui"s()ry comparison of the lobster and crab. Tliese

animals present veiy ol)vious points of resemblance

even to a casual obsener, and if examined in their

young state would be found to present still closer

resemblances. In the days of its infancy and youth

the crab possesses a jointed tail (jus descriix'd in the

article "Som»' Animal Histories," Vol. I., pp. 77-8).

Wherein consists the chief dilTerence between the

adidts? The reply is. That the tail of the crab

dwindles away by a process of natural decline, and

becomt>s the little " purse " or ap])endage seen on

the lower surface of the crab's body. Thus, prac-

tically, the crab is all head and

chest, whilst the lob.ster exhibits

a more normal st<it<> of matters,

in that it })os.sesses head, chest,

and tail fully developed.

The appendages of our loVtster's

body are not merely numerou.s,

but they arc also paired. Everv'

joint of the animal's body has a

pair of appendages of one kind

or another, but it is somewhat

marvellous to find that despite

the utter unlikeni'ss of the a])peu-

dages in some regions, they are

modelled in an exactly similar

plan in all. Such a lesson

—

namely, that of the essential like-

ness of the joints and apj>endages

of the lobster's body—is one of the most import-

ant which we may learn from a dissection of

the lobster. Take your lob.ster in hand, that

you may see for yourself the facts to be noted,

and count the joints of the abdomen, or, as we
may call it, the "tail." Beginning fii-st behind

the " head," we can count at least six joints in the

tail, the last joint dift'ering from the others ir

possessing the broadene<l ajipendages which form

the tail-tin. The statement that there are six joints

in the heiul, and eight in the chest of the lobster,

must be taken on trust, inasmuch as at pi-esent

their disposition cannot be conveniently studied.

But it may be well to remember that there are in

all twenty jomts in the animal's body ; fourteen

being comj)rised in the united head and chest, antl

six in the tail. Thus, to V>egin with, there could

be little or no dilhculty in refen-ing the lobster to

the great group of Articulate or jointed animals;
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and this annulose or ringed condition is seen to

be equally well represented in such animals as

centipedes, insects, spiders, &c. So that it would

be a perfectly warrantable and correct inference to

assume that these animals wei'e related to the

lobsters and crabs, at least in the general corre-

spondence of their outward structure.

The most complicated series of objects in art or

examined in its place, the structure of this joint

may be satisfactorily made out, but a little care in

separating it from its neighbours by carefully

detaching it at either extremity will perhaps

present it still more favourably for examination.

This third joint of the tail—counting from before

backwards—consists of a body and appendages.

The body and appendages form part of the very

Fig. 2.

—

The Common Lobstee (Homo/us vulgaris).

nature may be clearly understood if the common
type or plan on which the objects have been con-

structed is appreciated. The joints of the lobster's

body present us with such a series, and it behoves

Fig. 3.—Tail-Segments of Lobster.

(A) Third Abdominal Rcpmrnt, viewed from behind; (.ex) Exopodite; len)
Kndnpndite; (;./1 Proti'pndltes . (p? Pleura; (si.Sternum: (i)Terpum; {h)
Indientes Situation <if Heart; (d)nf Digestive Orpans • («) <if Nervous
System; (B) Horny Appendages of first Abdominal Segment of the
Male

; (c) Appendage of Second Abdominal Segment, showing the little
Processes (o) carried on the Endopodite.

us firstly to gain a plain idea of the type on which
they are built up. Such a type we may fi^nd most
clearly and simply presented to us, in one—say the

third—of the joLats of the tail. Even when

uniform set of joints that compose the tail ; so that

a knowledge of this one joint wUl serve as a guide

to the structure of all the segments of the tail

Observe the arched uj^per surface of the joint you

have sepai'ated. This is the tergum (Fig. 3, A t).

Next look at the somewhat flattened lower piece.

This is called the sternum (s), because it exists, so

to speak, in the place of the breastbone of higher

animals. Then, lastly, obsei'\'e the sides of the

joint, which are mere continuations downwards of

the tergum, and serve when the joints are placed

together to form the side walls of the tail. These

side pieces form the pleura (pi) of the joint, and

possess smooth surfaces in front for easy movement

with the pleura. So much for the " body " of the joint.

The ajjpendages are seen to be paired, and one

appendage exactly resembles the other. First of

all, look at the single joint, or piece of the

appendage (pt), which springs from the body. This

is called the p^'otopodite. Attached to this proto-

podite are two other pieces. One of these, the

outer, is called the exopodite (ex), and the other (the
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inner one) the endopodite {en). Tlie two appendages

of each joint (each niatle up of protojjodile, endopo-

dite, and exopoilite) are popidarly named stcimmerets

(Fig. 3). They do not assist the animal much, or at

all, in swimming, the chief use of these appendages

being seen in the case of the female lobsters, in

which they carry and support the great masses of

e^gs, when the animals are "in ben-y," as the fisher-

men say by way of denoting the breeding-season.

Now, begin the comparison of the other joints

with the tyi)ical "joint" you

have just examined. Begin

with the sixth or la.st joint

of the tail (Fig. 4, No. G).

At first sight this jointseems

t^ be very difi'erent from

the third. But after a little

examination of this terminal

ioint you reivdily discover

that its appendages (j/roto-

podtte, endopodite and exo-

podite) are merely broadened

out to form the tail-tin ; the

centre-piece of this fin being

formed by the telsoii (<), a

little flattened body, i-esem-

bling a joint without aj)-

j)endages, but regarded most

correctly as being merely

v*-^. an outgrowth of the upper

Y \ ^ J part of the sixth joint. The

telson is not a joint, but

corresponds in nature to the

rostrum, or "beak" (r) seen

protruding in front of the

lobster's head. Proceeding

forward.s, we find the fifth

and fourth joints of the tail

to resemble the third in

all essential features. Tlie

second joint also resem-

Ijles the third, save in

that its endofKxlites possess each a little addi-

tional process (Fig. 3, C a). Tlie api)endages of the

first joint of the tail of the male lobster are horny,

s])Oon-like i)roce.sse8 (Fig. 3 b; whilst in the female

the appendages of the first joint are simple, flexible,

and undivided. The result of our examination of the

lobster's tail has thus tended to sliow us, firstly, that

its tiiil consists of six joints, with a terminal appen-

iliige called the telson, which forms the centre of

the biil-fin. Secondly, that the joints, despite a few

modifications in their aj>pendage8, are essentially

Fie. -t— Part.s of Lobsttr's
Shell, sewirated, and viewed

from Above,

(r) Itij»truni ; [en) Carapaco : (1-6)

SCfniK'nt" "' AlKlonien- ^tx)

Ex'ipoditcii : (en) Endopo-
tlltin; (() TclBon of Sixth
Hrfrmf-m-thi- tlirccforiniDK,
with ihi' rorrr8|>ondin»r )«rtB
ODtlieutbtr Hide, tlie Tail-fln.

similar in form and structure. Tliis is another

way of saying that the joints of the lobster's tail

are hoinoloyoiui.*

But what may be said regarding the joints

of which the fore jjart of the lolistf^r's b<xly—head

and che.st— is composed { Tliere would Iw? some

diflBculty in demon.strating the fact of the corre-

spondence of the.se front segments with the tail,

owing to the clo.sely united nature of these head

and chest joint.s. But, laying aside the difliculties

which would beset the examination and dLssectioti

of the segments themselves, one way remains

whereby the corresi)ondence of the.se front joints

with the tail-.segments may l>e shown. This method

is that of comparing the ajijiendiujes of these head

and chest joints with those of the type-pattern seen

in the tail. If the foremost joints have been
" made to order," .so to sj)eak, on one plan already

seen in the tail, we should be able to trace some

degi-ee of likeness in the free appendages, even

although the joints are massed together.

Beginning our examination at the back of the

chest, for the leason that we shall be the better

able to detect variations in the ai)jiendages as we go

forwards, we fii-stly note that the sides of the one

gi-eat shield (or carapace, Fig. 4, c a) which covera

the head and chest, are formed simply of the united

pleura (or side-jiieces) of the difi'erent segments

which comjirise it. On the toji of the cai-apace

and about midway in its length, we see a pro-

minent cro.ss-gi'oove. This gi'oove marks the line

of juncture Ixitween the lobster's head and its chest.

We have now to examine the api)en(lages of the

chest from behind fonvards, and we have to account

for eight paii-s, seeing that there are eight joints at

the chest. The apjiendages should be separated, pair

by pail", fi'om the dead lob.ster, and laid on a sheet

of white paper in then- due order to facilitate compaii-

son. The first pair of appendages (those of the last

joint of the chest, or fourteenth joint of the botly)

appear as a pair of walking-limbs (Fig. 5, .m). Tlie leg

is formed simply of a long endopodite, its fii-st joint

or base being the jyrotojiodite ; the exopodit<», which

you expected to find (i-emembering the tyi)e-joint of

the tail), having disappeared. The question, "How
is this knowledge arrived at?" may naturally

enough rise to the lips of the student, wlio is not

entitled to tsike such a statement on trust. The

answer to the query beai-s, that where the corre-

sjwndence of a series of organs in an animal is not

apparent (through the modification of certain part.s)

in the full-grown state, the likeness may l>e tniced

• Set- " The Cousinsbip of Anima's," Vol. I., pp. 328-337.
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in the young condition. What was the state of

this last pair of legs in the young lobster 1 Each

limb consisted, like the appendages of the tail, of a

protopodite, exopodite, and endopodite. But the

process of modification soon set in. The " endopo-

dite " remained to

constitute the

"leg;" the "pro-

topodite " formed

its first joint,

whilst the useless

" exopodite " dis-

appeared. The
same may be said

of the history of

the thirteenth,

twelfth, eleventh,

and tenth pair of

legs. If these lat-

ter legs be care-

fully dissected out

from the body,

they will each be

found to bear a

curious leaf - like

process (Fig. 5,

L ep), not seen in

the last pair of

legs or in the tail

segments, and
named the eplpo-

dite. Whilst cer-

tain of the gills {^),

to be afterwards

described, may be

seen to be attached

to the bases of the

first three pairs of

•walking-legs, the

use of the epipo-

dites being to ex-

tend upwards, so as

to separate the gills

from one another.

The three first pairs of walking-legs also diflfer

from the two hindei'most pairs in being provided

with '"'nippers" at their extremities, the "nippers"

being very large in the foremost pair of legs.

We have thus seen that the walking-linabs of the

five hindmost chest-joints are simply modified ap-

pendages resembling those of the abdomen. The
three front joints of the chest—the seventh, eighth,

and ninth of the body—^ l)ear curious organs, named

Fi£v. 5.—Appendages of one Side of Lobster's Head and Cbest, from Before
Backwards.

(A) Eyes borne on Stalks; (n) Labnini ; (c) Mctastoma; (Dl Antcnnulos : (E) One of the An-
tonn-.B ; ( !) A Mandible ; (n) One of the First Pair of Maxilla- ; (H) One of the Second Pair of
Maxilla;; (ii, Onerf the First Pair of Foot-jaws; (J) One of the Second : and (K) one of the
Third Pair of Poot-jaws; (Ll One of the Third Pair of Walking-legs of the Female; (M)
One of the Himiraott (ttfth)Palr of Walking-limbs of the Male; (car) Exopodite ; (en) En-
dopodites; [ep) Epipodite; (p) Protopodite; (jr) Gill; (t) Opening of Auditory Sac; (sc)

Scaphognathite.

foot-javjs. In these latter organs, we see extremely
well exemplified the transition from a waiking-Iimb

to a jaw. The hindmost foot-jaw (k), that of the

ninth segment of the body, is like a walking-limb. It

has a long endojwdite {en), but, in addition, develops

E ,^_ --^ a small exopodite

(ex) not seen in the

legs, and has at-

tached to it a gill

and an epipodite.

The foot-jaw (j) in

front of this, or

that belonging to

the eighth joint of

the body, is less

like a limb, its

endopodite having-

become shorterand

thicker than that

of the preceding

foot-jaw. And the

third foot-jaw (i),

that of the seventh

joint (or first joint

of the chest), re-

sembles a jawmore

closelythan a limb,

and has itsprotopo-

dite quite jaw-like,

its exopodite (ex),

endojjodite (en),

and ejjipodite (ejj)

being well de-

veloped. No doubt

can therefore exist

that the eight pairs

of appendages of

the lobster's chest

are modelled on

an exactly similar

type to those of the

tail.

The head, amal-

gamated with the

chest, presents six joints for examination, and neces-

sarily six paii-s of appendages. Begin with the hind-

most appendages of the head, as before. We shall

find that the modifications which these organs un-

dergo, fit them as jaws for the mastication of food, or

as organs of sense ; the lobster's jaws and sense-

organs thus corresponding in position, although not

in nature, to the similar organs of higher animals.

In the yomig state, the resemblance between jaws,
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I

foot-jaws, legs, and swimmerets is vei-y close ; and

hence you are prepared to tind the s;iiue type of

ai)peudage prevailing in the jaws luid other head

pai-ts, as in the swimmerets. The sixth or liust

joint of the head beai-s, in its appendages, a pair of

jaws named maxilla- (n), and the lifth joint i>os-

sesses a pair of like organs (o). In each jaw or

"maxilla" we can trace all four parts—protopodite,

ondojwdite, exopodite, and ei)iix)ilite—seen in the

other api^endages. Tlie hinder pair of maxilla,',

it mav be noted, bear each a very much enlargeil

€pii»odite, which is used as a scoop or baler (sc) for

throwing the water, which has been used in breath-

ing, out of the gill-chamber. Next in order, on the

fourth joint of the head, we can discern a pair of

very hard, limy jaws. These are the mandibles (f).

Each mandible is simply a large protopodite, with a

small endopodite, named the palp, said to be used

for directing food into the mouth, which oi>ens

just between the mandibles. In the mandibles,

therefore, neither exopodite nor epipodite have

survived. A little upper lip and a lower lip (b c)

€xist in the lobster, but these are mere develop-

ments in the middle line of the body—like the

front beak of the shell and the telson—and are not

in any sense to be regarded as appendages.

Three joints of the heivd remain for examination.

The third of these po.ssesses as its appendages a jiair

of very long feelera named anteniut (e). Eiicli feeler

is simj)ly a long endopodite with a ])rotopodite at its

base—thus I'esembling the walking-leg—along with

a small scale-like exopodite. Then come the lesser

feelei's or antpumiles (d), borne on the second joint

of the head, each of the lesser feelers consisting of

protopodite, exopodite, and endopodite, and being

thus a double organ in.stead of a single one like the

gieater feelei-s. Tlie fii-st joint of the head beai-s a

pair of movable, stalked, and compound eyes ; and

it forms not the least curious result of our investiga-

tions when we discover that the eye-stalks (a) of the

lobster rejiresent frrotopodites which have been alone

developed, to the exclusion of all other appendages.

Having thus reviewed the general and external

anatomy of the lobster, we may i)au.se in our

investigations to consider briefly the results to

which our .studies have led n.s. We find thus,

firstly, that the lobster is an animal whose bmly

consists of some twenty joints. Then we saw that

of these joints the most distinctly marked were

those of the tail. Tlie plan of a tail-joint was
next examined, and we then discovered that all

of the tail-joints were motlelled on this single and

uniform plan. Proceeding to the fore part of the

lobst4'r's liody, we discover that this con^istH of

the animal's head antl che.st, the fourteen joints of

which are firmly united. But from a knowledge

of «levelopment, and from a comparison of the

appendages of these joints, we hairn that tin; hea«l

and chest segments are similar in essential nature

to those of the tail, the ajjiw-ndages of the

front segments having undergone moilifications

which adapt them for their various functions of

walking, chewing, feeling, itc. Thus we see that

the lobster's botly is simply a collection of joints

of uniform nature. In other words, the segments

and appendages of its botly are saitl to l>e strictly

homologous—they are built uj)on one and the same

structural plan. So that, as far as the apjK-n-

dages are concerned, their functions form an im-

material consiileration. Part of the organ which

is a " swimmeret " in the tail becomes a leg in

the chest ; and the same ty|)e of organ becomes

a feeler, a jaw, or an eye-stalk, according to its

situation in the body of this cuiious animal.

The outside anatomy of the lobster, however,

forms but the preface to an understanding of its

internal mechanism. Occasionally the man of

science receives aid in his researches from veiy

unlikely and humble sources ; and on tliis principle

I may advise my readers, who may wish to gain a

general idea of the internal disposition of the

lob.ster's jjart.s, to glance at the longitudinal section

of the animal made by the knife of the fish-ilealer

or cook, as he bisects the boiletl animal for supi)er

(Fig. 6). In such a section, where the parts have

y'lg. C.—Longitudinal Section of Lobster,

(a) Antonns: (r) Uoairum ; (oi Kye ; i») Stomarli: (ml Inutllne; ikl Be«rt:
1(1 l.lvrr: din) NerrnusiiaoglUi ; ((^11 UUU ; i.r, (I Cbirf Nervous Uac*c*:
l.ar) A Main Blooil-Vi-ssel.

been consolidated by boiling, and especially if the

dissector's knife Inus Iwen keen, we may obsen'e the

digestive system lying in the middle of the botly.

AVe see that the interior of the heatl antl chest is

occupied by the various digestive antl other oi-gans

of the animal, including a stomach («), intestine (in)

—running straight to the " tvlson "—:uid a large

liver (/). Nearest the back, within a sac or bag
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named the pericardium, lies the heart (h), wliich, by-

its constant pulsation, distributes pure white blood

to every part of the body.

When we carefully cut away the sides of the

carapace, or gi-eat " head-shield " of the lobster, we
bring into view numerous little conical bodies

attached to the bases of the legs, and contained

within a very well defined space or chamber. These

are the gills (gl) of the animal, numbering some

twenty on each side. Each gill resembles a bottle-

brush in structure, in that it consists of a central

stem, to which a large number of delicate leaflets are

attached. Into the gill, the impure blood passes, and

circulating through the delicate leaflets, is brought

in contact with the life-giving oxygen contained in

the water admitted to the gill-chamber.

This water flows in by the narrow cleft or slit

existing at the bases of the legs, whilst it is being

constantly baled out by the action of the " balers
"

or " scoops," already alluded to as being borne by

the second paii* of maxillce (Fig. 5, h) or lesser jaws.

The vertical section of the

his internal anatomy from head

to tail, also demonstrates to us

the source of the active move-

ments of the lobster. In such

a half-lobster, we may see very

clearly that the lobster's tail

is but a mass of muscles, these

organs being disposed in de-

finite bands or layers. Wlien
we contemplate this immense
development of muscle, we are

at no loss to account for the

powerful stroke of its tail and

its fin, which sends its j^ossessor

backwards with a swift move-

ment through the water. Nor
can we wonder at the power of

the nipping-claws when we dis-

cover by an investigation of

theii- savoury contents, that

lobster, showing us

Fig. 7.—Nervous System
of Lobster.

(0) Brandies to Eyes ; (c)

Chief NeiToua Mass ; Ci>
Nerve Mass below Gullet
(g) ; («i) Nerves of Chest;
iab) Nerves of Ahdomen ;

(co^.coi) Connecting Nerve
Cords.

Fig. 8.—The Sea Cray-fish, or Spiny Lobster {Palinurus vulgaris)

.
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the edible substance of the cliiws consists of mus-

culiir tissue. It is clear, however, that muscles will

move only when stimulated in some tii-shion or

other, and that, in short, the int«'rnal mechanism of

the lobster, and of all other animals, demands some

guiding and dii-ecting power. Such a jxiwer Ls sup-

plied by the nervouji ni/ntem, wliich exists prac-

tically as a double chain of nerves and nerve knots

(or ijmujUa), lying on the tloor of the body (Fig. 7).

If, in the lobster whose sensation has Ijeen deadened,

we expose the nerves neai* the tail and irritate

them, as by pinching them, we shall produce strong

contraction of the tail-muscles as the result. In

ivddition to supplying the muscular system of the

lobster, it need hardly be remai-ked that fi-om the

nervous system is derived the }X)wer of seeing and

hearing and feeling, possessed by the lobster in

common with higher animals. The lobster's eyes,

as already reraai-ked, ai-e large and compound, and

are borne in eye-stalks. The ears are contained

within the last joints of the lesser paii- of feelers,

and consist of peculiar sacs or bags containing

tluid and solid pai-ticles. This arrangement is

placed in contact with the nerve of hearing, and

gives rise to the sense of " sound " when vibra-

tions are received by the "auditory sacs," as the

" eai-s " of the lobster are named.

Such Ls a brief outline sketch of what may be

letimed regai-ding the anatomy of a lobster. The

detiiils thus furnished may, it is hoped, pave the

way towards the acquirement of a fuller knowledge,

not of the lobster merely, bvit of other forms of

animal life. No fact in science remains isolated

from its neighbour-facts ; and it may be pointed out

by way of conclusion, that the study of a lobster

forms a solirl stjirting jnjint for the appreciation of

the constitution of the animal kingdom at hirge.

For example, we have a-sceituLned that the

lobster is an animal possessing, (1) a jointed

body, (2) a heart lying Jormlly, or nearest its

back, (.'3) a digestive sy.stem in the middle, (4)

a nervous system ventrulli/, or on the floor of its

body, (.")) apiR'Uilages in paii-s, and (G) juws

existmg as moditied limbs. This information

aflbnis the basis for our undei-standing, an the

result of further stutly, that the lobster does not

stand alone in the i)Os.session of these characters.

All crabs, barnjicles, water-fleas, shiimps, ic, agree

with the lobster in the i)osse.ssion of these essential

features, and so also do in.sects, spidei-s, c^'Utipedes,

and other animals less familiar to ordinary readere.

We thus discern that a large number of animals

exliibit beneath wide divei-sities of structui'e a

broad likeness in the arrangement of their parts

and organs, and such animals we group together to

form a sub-kingdom or type of animals. Recognis-

ing this piinciple of detecting such likenesses, it

becomes easy to classify animals which are tiidy

related to each other. The student thus Ijegins to

see that what are known as " the gieat types of

animal life " are simply the zoologist's expressions

of the close relationship wliich can be shown to

exist between cei-tain groups of animals ; whilst he

also gains in such a study no mean idea of the true

constitution and arrangement of one great aspect

of the animal creation.

RUST.
By Fhederick S. Barff, M.A., Christ's Coll., Cambuidge,

Professor of Chemistry to the Royal Academy and to the University College, Kensington.

RUST : it is a very simple word, and there is no

doubt but that every one would say he under-

stood perfectly what it meant ; however, on con-

sideration it will be showni that its meaning is not

so very simple, and that it is a short text upon

which a rather long sermon can l>e preached. Even

its primary meaning is not so .simple as it at fii-st

a])i)ears, for on referring to the dictionary we find

that " RiLst " is derived from a Saxon word, and is

(Ictined to be— 1. "The desquamation of old iron."

2. The tarnished or conoded surface of any metal.

.'5. Loss of jjower l)y inactivity. 4. Matter bred

by corruption or degenoratioii. With the third of

54

these meanings we have at |)resent nothing to do,

but all the other three are included under the action

which we call rml. The word reasty, as applied

to fats, more commonly to bacon fat, metuis, as

given in the dictionary, that it Ls " covered with a

kind of rust," ami this Ls what is implied by the

expression " bred by corruption or degeneration."

Two very beautiful lines by Coleridge eml*ody the

idea of both these changes in matter which will be

treated of in this and another article :

—

" The knights are du»t

And their gfooJ sworda are rust."

The word rust is usually applied to the t*uiiish
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which, by exposure to some mfluence, appeai-s on

the sux'face of metals, and into the nature of this

rust "we shall first inquire. If a piece of clean, bright

iron be left exposed to the air, we find that in a

short time it is covered mth a red or brown sub-

stance. This coating is formed more quickly in

damp air or in the presence of Avater, and more

rapidly in warm than in cold weather. In a ti'opical

climate it is impossible to keep iron or steel goods

for even a very short time without their rusting,

and this rusting is much more rapid in damp than

in dry countries of that region ; at Zanzibar, on the

east coast of Africa, I have been informed by a

relation who lives there that knives and all steel

articles rust at once, and that it is most difficult to

keep them clean and fit for use. Iron goods of all

kinds on their way to the tropics rust, and the best

means known are usually employed to retard as

much as possible this destructive action. Fi'om

what has been stated it is clear that three things

are necessary to cause ii-on to rust ; for if rusting

takes place more rapidly in warm than in cold

climates, temperature must have something to do

with it ; and if moisture accelerates the action, it

must have some efi'ect in producing the result; and

moreover, there must be something in the air

which lends it help, for if u'on be kept out of contact

with air it will never rust

—

i.e., it mil never rust in

the sense in which we are now regarding rust. Some
veiy simple experiments can be performed to prove

the tinith of these assertions, and it would be well

for those interested in the subject to tiy them.

And thus, by the way, a very soiuid and consider-

able knowledge of scientific facts can be gained by

simply verifying by experiments statements which

we read, when those experiments can be per-

formed easily and without

danger; and by experi-

menting on simpler things,

facility in manipulation is

acquired, so that in time

more complicated operations

may be performed, and the

interest which these en-

gender leads the mind to a

love of science, and in

many cases, according to

„. , ^ . , , , the -writer's experience, lays
Fig. 1.—Exiiermient to show ' *'

Relation between Eust and the foundation of very con-
Moistvire.

. . . , .

siderable scientific attain-

ments. These remarks apply more fspecially to

young people, wlio will, I presume, be among
the readers of this article, and I can assure them

Fig. 2. — Tulip-
shaiJCd Funntl
forpouringOil
of Vitriol into
a Bottle with-
out wetting
tUe Mouth or
Sides.

that it will well repay them to act upon the

suggestion which has been throAvn out. Now to

begin. Take a wide-mouthed bottle, or even a

common physic-bottle will do ; let it be

quite dry. Pour carefully into it some

oil of vitriol so as not to wet the mouth

or sides with it ; this can be done by

using a suitable funnel which can be

bought at a chemist and druggist's for

a few pence ; the fimnel is of the shape

shown in the illustration (Fig. 2). Let

the oil of vitriol occupy about one-fourth

of the bottle, then tie to a soft coi'k,

which can be pi'essed tightly into the

bottle, a piece of iron wire which has

been cleaned and made perfectly bright.

The iron wire should be tolerably thick,

so that its surface may be easily seen,

and should be just long enough that it

may hang in the bottle a quarter or half

an inch above the oil of vitriol—for it

must never touch it ; then press the cork

tightly into the mouth of the bottle,

and if there is any chance of its not

being tight enough to exclude aii*, cover the cork

down to the glass with melted sealing-wax (Fig. 1).

The ii'on wire may be bent in the form of a coil,

or it may be of any desired form, but care must be

taken from the first to keep it out of contact Avith

the oil of vitriol. As long as the bottle remains

closed the iron will not rust, and this becaiise no

moisture is present. It does not matter to what

temperature it is exposed, and it would be well to

expose it from time to time to diflferent temi)era-

tures in proof of the fact that temperature does not

cause iron to rust, even in the presence of air, if

moisture be not present. I am now, be it under-

stood, using the term rust in the ordinary sense of

the word

—

i.e., common red iron rust. It may be

well to mention why, in this experiment, moisture

is absent. All ordinary atmospheric air contains

moisture, and the air when first shut in the bottle

contained moisture ; but the oil of vitriol has a

strong affinity for moisture or water vapour, and

when in contact with it always absorbs and fixes

it, so that the oil of vitriol, which is put into the

bottle, takes up the moisture and so dries the air.

If it be desired to prove experimentally that oil of

vitriol does absorb moisture from the air, it can be

easily done by putting some into a saucer, placed

in a scale and balanced by weights ; if the scales

be left in the air, the pan containing the oil of

vitriol will gradually descend, showing that its
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conteut.s have increased in wei^^lit. This e.\i>eri-

luent proves tliat moisture or water is neeessiiry

tt) the rustiiiii of iron or steel.

An<l now 1 will cleseriJ>e another experinjeiit

whieii j>ro\es tliat the pix>senee of air is <-<|ually

necessary to ])ro«luce rust. Into the sjinie kind of

bottk- jiiit a mi.xture of linu! and sul]>hate of iron

or j^ven vitriol. Make the mixture in the followinj^

way :—Green >'iti'iol is a pale hluish-gi-een ciystal-

line substance. Iletluco the crystals to a rough

powder in a mortar, and then rub up with them
about half their bulk of common lime ; the mix-

ture will assume a dark given colour. A little

water may b<' aiUled and a small quantity of saw-

dust to keep it from caking. Put this quickly into

the lx)ttle, tilling it to about one-fourth of its con-

tents. This operation should l)e i)ei-fonned quickly.

Then plunge in the cork with the iron attached, and

cover it well, and also the upper ])art of the neck

of the bottle, with melteil sealijig-wa.\. As long as

the .sealing-wax and cork keep out the external air,

so long will the iron inside remain without rusting.

Here, as in the hist experiment, changes of tempera-

ture will produce no effect on the iron. The mix-

ture, or rather the sulphate of iron in the mixture,

put into the bottle is brought into such a condition

by tiie linn- that it absorbs from the air, iii the

A

bottle, that constituent which is the prin-

cipal agent in cau.sing rust. A little later

on in this paper I will treat of this agent

and its action. By what has been just

described, it will l)e seen that in s])ite of

the jiresence of moisture and suitable

tempeniture, iron will not rust if the air

I

in contact with it be deprived of one of

its con.stituents. Another and a very in-

teresting method of pei-formlng an ex-

periment similar in its effects to the last,

is to shut uj) pieces of poli.she<l iron wire

in a glass tube containing water, fiom

which all the air has been expelled by

heat. This is too difficult of perfornumce

for any one to attempt who is not well

Jvei-sed in chemical manipulation, but for a

very small sum it can be done by those

who do chemical gla.ss-work. A ])iece of

gla.ss tube, about seven or eight inches

long and three-fiuarU-i-s of an inch in

diameter, should be softened in a gas-

flame, and drawn out as shown in the

illustration (Fig. 3). Fii-st of all, l)efore the

(hawing out, the iron wiie and some di.stilled

water should be put into the tul)e, which has l)een

Kiu-.n.-
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m- 1 toil
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iinMirnlly
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one cod.

previously closed at one end in the usual way.

.\fterthe tuU' is drawn oiit, the water should Iki

Ijoiled, and the line end of the tube sealed iq) with

a blow-pi|ie while the steam is issuing. Now, this

is a \ery dillieult ojM-ration, quite Ix-yond the jK»wei-s

of even a g<MMl ordinary manipulator. I have liad

such a tube in my po.ssession for a very long time,

and the iron in the water has not a single Ki>ot of

red rust ui)on it, although the tulje has often Ix'en

h(!ated to the highest teuqrt-rature it can bear without

bursting. An<l the rejuson is that no air is present

in it, it having been driven out with the stejim

before the tul)c wiis sealed u\>. These exjK-riments

prove most satisfactorily that air and moisture are

absolutely necess;iry to cau.se red or ordinary rust

on iron ; therefore, if iron surfaces aiv kept dry

they wll not nist, and the practical imiHJilance of

this lesson is very gi"eat ; for polLshed fenders do

not rust in a room, the aii' in which is kept dry by

proper ventilation and ]>y tires. Pianos arc often

sjtoiled from being kept in damp rooms. Polished

steel ornaments, when kept in boxes containing

cotton-wool, do not rust—for the same reason, if

the wool be kept fairly dry. If iron articles Ix;

covered with a i>aste made of chalk or of lime and

water, or if they be put into tlry lime, they will

not rust. It is sometimes customary to paint over

with lime and water the tire-irons anil fenders

in drawing-rooms when jjeople go out for their

summer trips ; and on their return they tind,

when the white is cleaned off, that the articles

are as bright as ever. Metallic iron, in the form

of wire, is always kept in laboratories ; it is very

useful to chemists, and in order to ]»revent it

from getting rusty it is kept in stoppered lioitles,

filled with a strong solution of common washing-

soda (carbonate of soda), or with a solution of what

is called caustic .soda, and these solutions jirevent

the iron from rusting, l)Ocause no air is dis.solved in

the water saturated with these substjinces, and the

substances themselves have no action on nietdlic

iron. It luus been stated above that ordinary atmo-

spheric air always contains moisture or water, an<l

all ordinary water contains aii- dissolved in it ; so

that if polished iron be put into a bottle fpiite full

of ordinaiy water, it will rust by means of the air

dissolved in the wat^'r ; but if the water Ix; well

boiled and j)ut into a bottle with iron, the iron will

not rust until such time as the water shall have

again absorbed air, for boiling wator drives ofl'air and

other ga.ses which may chance to be di.s-solved in it.

It will be remend»ered that, in the ex]>eriment with

the sealed glass tube, directions were gi\cn to boil
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the watei-j and tliat was to expel the air from it,

as well as the aii' in the tube ; and then to close the

tube, or seal it up with a blow-pipe, and that was

to prevent any air getting dissolved by the water

again. The agent essentially necessary to produce

iiist on iron is contained in the air : it is called

oxygen. Atmospheric air- is a mixture of gases and

other matters. Its composition is pretty uniform

all over the earth's surface, and this uniformity of

composition is maintained by what is called diffu-

sion. Diffusion is a property wliich gases, when

they come in contact with one another, have of

mixing together. By observation, a law of diffusion

has been discovered

—

i.e., the rate at which gases

in contact mix together. It is stated to be at a

rate inversely jiroportional to the square root of

theii' densities, which means that a light gas passes

more quickly into a heavy gas than the hea\-y one

does into the other. Perhaps an example will illus-

trate this better. A measure of hydrogen weighs

one ; an equal measure of oxygen weighs sixteen,

both being measured at the same temperature and

pressure. If these two gases be contained in two

separate bottles, the mouths of which exactly and

closely fit one another, and if the hydrogen bottle

be placed with its mouth to that of the oxygen

bottle, the hydrogen being at the top, it will on

examination be found that in a very short space of

time the gases wUl be mixed together in both bottles.

Now, the oxygen which was placed at the bottom,

and which is sixteen times as hea\y as hydrogen,

will pass, contrary to its gravity, up into the hydro-

gen, and the lighter hydrogen will descend into the

oxygen. Now oxygen is sixteen times as heavy as

hydrogen, volume for volume, and the square root

of sixteen is four ; therefore the hydrogen will pass

or diffuse into the oxygen four times as fast as the

oxygen will pass into it. The composition of air

is, roughly speaking, as follows :—Four volumes of

nitrogen, one of oxygen : four parts of carbonic-acid

gas in ten thousand paits of air ; a variable quantity

of water vapour (some is always present) ; a very

small quantity of ammonia : and a variable quan-

tity of dust, (fee, in a state of fine division. The

oxygen, it appears, does not hold a very large pro-

portion to the nitrogen, but its activity is so gi-eat

that this quantity is sufficient to effect completely

the offices which it has to perform in nature ; and

these are most important, for it is the agent which

supports life—without it we could not live many
seconds. It also siipports combustion : by its means

fires, gas, and candles burn ; moreover, though it

supports life in tlie living animal, it is the agent

which causes corruption and decay in the bodies of

animals when dead. Fi-oni the first breath we draw,

it supports and sti-engthens us in our gi-owth till

what is called the peiiod of middle life ; and then,

though still sustaining us, it produces, as age ad-

vances, those changes which we speak of as decay

of nature, till at last it finally reduces our mortal

bodies to that state of dust from wliich they were

originally formed. Oxygen unites with other sub-

stances whether they be elementary—that is, simple

—or compound, and, in union with these, forms a

very considerable proportion of the earth on which

we dwell. The flints or stones which we see in the

roads, the sand on the sea-shore, the soil in which

vegetation flourishes, the materials of which our

houses are constructed, are all formed to a great

extent of this substance, chemically combined with

other elements. A fifth of the volume of air, we
have seen, is oxygen ; and in every eighteen parts

of water by weight, sixteen are oxygen.

It would take us beyond the subject of this article

if we were to trace the still further occurrence of

this important substance in nature. We will there-

fore confine our observations to its properties—one

of the most energetic of which is its power of

unity with other bodies—and the conditions under

which these properties are usually manifested.

Iron-rust is a compound body, formed by the

union of iron with oxygen. I have already shown

what promotes and what retards the rusting of iron,

and this was done for the purpose of illustrating

the more scientific part of the subject, and to pre-

pare the reader unacquainted with scientific matters

for a more clear conception of what might have been

difficult had not such simple hints been first given.

It has been seen that dry iron will not rust in air

—that is, oxygen will not unite with iron without

something to promote that union. The addition of

a little water causes rust to be formed ; therefore

water is an agent which will produce this result

when oxygen and iron are in contact. It has also

been stated that temperature has an accelerating

influence, for rusting takes place more rapidly in

warm than in cold climates.

I have not described an experiment to prove this,

as it would be difficult of execution, and my desire

is that all experiments described shovdd be simple.

Oxygen unites with ii'on in several proportions, but

always in the proportion by weight of 56 of iron

to 16 of oxygen, or in multiples of these numbers.

The proportions in which iron and oxygen miite to

fonn common red rust are 2 (56) pai'ts by weight

of ii'on and 3 (16) pai-ts by weight of oxygen. And
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this Ls the oxide (for when oxygen unites witli

another snbstimce tho pj-oduct is usually called tm

uxiiU), which is eventually formed when iron is

left exposed to air and moisture. I siiy eventually,

because no doubt another oxide containing less

oxygen is fii"st formed, and this afterwanls becomes

red rust, or the higher oxide. It is customary to

speak of an oxide as a higher oxide of a body when

it contiiins moif oxygen than the lower. The pro-

cess which is supjx)se<l to take place when iron rusts

is somewhat complicateil, but I will endeavour to

make my descrijttion of it as clear as possible.

Imagine a jiiece of clean iron to be iUited upon by

air

—

i.e., by the oxygen in the aii-—in the presence

of moLsture, and suppose lifty-six parts by weight of

its exterior sui-face to become united with sixteen

])arts by weight of oxygen, an oxide will be formed

ditferent in composition to red nist, which is com-

posed of 2 (56) of ii-on to 3 (16) of oxygen, and

therefore contains one-third more oxygen in pro-

portion to iron. Now, imagine the oxide tii-st

formed to take up one-thiril more oxygen, it will

he at once converted into red rust ; in time the

entire surface of the iron will be covered with this

substance, and some of it will be in contact with

the metallic iron beneath it. It is supposed that

the red ru.st in contact with the iron gives up one-

third of its oxygen to the iron, and so forms again

on its metallic surface the tii-st oxide, and that red

nist which gives up its oxygen again becomes re-

duced to the first oxide. We will i-epresent it by

figures, for this seems to be the cleai-est way to

make it imdei-stood :

—

56-1-16 is the composition of the first oxide.

Take 2 ^.56-|-16), double the quantity of first oxide,

And add 16 of o-xygen ;

Then we get 2 (56)+ 3 (16), which is the composition of red

rust.

Now if this red rust gives up 16 of oxygen to 56

more of iron, the whole becomes 3 (56 + 16), or

three times the quantity of fii-st oxide. Now if

this (juantity be doubled—that is, if we take

6 (56 + 16), it will take up 3 (16) more oxygen,

for as we have .seen, 2 (56-f-16) always tjikes up IG

of oxygen, and will become .3 [2 (50) - 3 (16)] of

red ru.st, and this action keeps going on till the

whole of the iron is converted into red inist. Tlie

action is more rapid at first, for the dense re<l rust

forms a .sort of protection to the parts imd<'rneath,

so that the o.xidation proceeds more slowly, lliough

it is never aksolutely arrested. From this it aj>p< ; i-s

that the higher oxide of iron in contact with the iron

acts as a carrier of o.xvireii from the air to the iron

l)eneath, and this is why iron, in time, gf;ts totuily

destroyed by rust, whercius other raetJils, such iw

lead, copper, and zinc, do not. This will Ik; fully

understood when we come to the consideration of

the rusting and corrosion of the.se metals.

For the better understanding of the rusting pro-

cess, it will Ije necessary to give a little time to

.study the tii-st oxide of iron, as I have hitherto

called it. It is called protoxide of iron (.sometimes

feiTous o.xide), the termination oxus of the word

ferrous implying that the substance contains le.s8

oxygen than iron rust, which is called ferric-oxide,

and .sometimes ses(jui-o.\ide of iron. It is calk-d

.se.squi-oxide because it contains half a.s much oxy-

gen again as the protoxide does ; and the word

protoxide means the first oxide. The protoxide of

iron, although formed by the direct union of iron

and oxygen, is not 2)ersistent—that i.s, after forma-

tion it does not continue as protoxide, but is im-

mediately changed by addition of oxygen into the

higher oxide, so that we say fen-ous oxide has a

gi-eat afhuity for oxygen. FeiTous oxide is ol>

tained by jirecipitating it from a solution in which

we may consider it to be dissolved in an acid licjuid.

If metallic iron be put into dilute; oil of vitriol an

effervescence takes place, owing to a gas being

given off, and this gas is hydrogen. If after the

ii'on is dis.solved the liquid be evaporated by Injiling

till the residue is very concentratetl, and l)e allowed

to cool, green crystals will be formed, and these

can be collected and dissolved in water, and the

solution contains fenous oxide dis.solved in dilute

oil of vitriol. If the oil of vitriol be tjiken away,

feiTous oxide, which does not dissolve in water,

will be thrown downi or precipitated. It would be

well to perform an (>xi)eriment to show this, but it

is not necessary to take the trouble to di.ssolve iron

iii dilute oil of vitriol, for crystals of this green

substance, which is called gi-een vitiiol or sulphate

of iron, can V)e obtained at any druggist's. Some

test-tubes should be got from the s;ime sho{)

;

those about five inches long are the most con-

venient. Put some of the sulphate of iion into

a test-tube with some water, and when it is

dissolved \to\\Y into it a solution of aumionia, and

immediately a green pncipiiate will be thrown

down. This pn-cipitate is one containing tVrrous

oxide, but if it be shaken about in the test-tube, it

will be found to change colour in the upper \n\Yt,

where it comes into contact with the air ; it will

become of a dirty yellow colour, and this because it

is being changt^ into ferric oxide. Thus action is

better seen if, aft^r the precipitate Ik.' fornn'd, the
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whole contents of the test-tube be poured on a

filter-paper, placed in a funnel, or even it can be

poured on to a white plate. In a very short tiiue

all tlie gi-een precipitate will cease to be ferrous

oxide, and will be changed into ferric oxide by the

action on it of the oxygen in the air, and its colour

will be yellow. But then it will be said—Is this

the same substance as iron-rust ? for ii'on rust is of

a brown-red coloiu". No, it differs from iron-rust

in this respect—with it is chemically combined

water, and because it contains this chemically com-

bined water, it is called a hydrate ; but this water

is not combined with it nearly as fii'mly as the

oxygen is with the iron, for if it be gently heated

the water can be driven off, and then the yellow

powder will be seen to change colour, and look like

iron-rust, and will be, in fact, the same substance

as ii-on-rust. The last part of tliis experiment can

be easily performed by putting the yellow powder,

when it is dry, into a little white dish, called a

Berlin dish ; tliis can best be held in a pair of

metallic tongs, called ciiicible tongs, over a gas or

spirit lamp, and as the yellow powder becomes

hot it will pass through variovLS tints of brown

until it becomes of the brown-red colour of iron-

rust. There are conditions, however, in which

the ordinary rusting process produces a yellow and

not a brownish-red body. For instance, new rails

may be seen lying by the railway coAered in part

with a yellow iiist ; but, though at some future

time I may treat of it, the subject is so interesting

and new, that to discuss it here would lead us

too deeply into scientific questions. The colours

known amongst artists as "Mars' colours" are all

oxides of iron of different comjiositions. The

yellow tints are hydrates; the various reds have been

more or less heated, and therefore resemble closely

common iron-rust, and the purples have been heated

to a very high temperature, and are composed of

the red oxide and another, the composition of which

will be explained dii'ectly. Certain substances

cause rust to he formed on the siu'face of iron with

great rapidity ; vinegar, for example, is known to

rust dinner-knives very quickly. Salt also accele-

rates rusting ; their action in producmg rust is

somewnat complicated, and its explanation is beyond

the scope of this article. When iron is heatetl in

the fire and exposed to air, a scale is formed upon it

which can be easily removed. These scales are

found in abundance in smithies round the anvils

upon which the hot iron is beaten, and they are

therefore called smithy scales. These scales ai'e not

iron, but are an oxide of iron of a grey colour,

almost black, therefore called black oxide of iron.

The composition of this oxide differs from that of

those we have been considering ; three times fifty-

six parts, by weight, of iron enter into combinatiou

with four times sixteen i:)arts, by weight, of oxygen

to form it, therefore in it iron and oxygen exist

in proportions similar to the sum of the other

two oxides. The protoxide contains 56 of iron

to 16 of oxygen, and the sesqui-oxide 2 (.56)

of u-on to 3 (16) of oxygen. It is sujiposed by
some to be simply a mixture of the two oxides

;

whether this is so or not we will not discuss here.

An oxide of iron of this comjiosition is found native

in Sweden, and ha^dng magnetic powers, is called

loadstone. A piece of steel rubbed with it attracts

needles and jiieces of clean iron, hence this native

oxide is called magnetic oxide of iron, and the same

name is often applied to the black oxide, however

it be formed. Large quantities of black oxide of

iron ai'e found on the sea-shore in New Zealand, in

the form of small grains like sand ; it is therefore

called " black sand." This oxide is not affected by

moisture ; though it contains less oxygen than the

fei-ric oxide, it is not by air, in the presence of mois-

ture, converted into that oxide. A veiy simple way
of making it is to put small pieces of clean iron

into an iron pipe, which should be made red-hot,

and tlien to pass steam through the pijie. The

properties of this oxide wUl be more fully considered,

and the best way to make it, in a futuie article

on the 2)revention of rust on iron.

Other metals besides iron are subject to rust or

corrosion ; silver tarnishes on exjjosure to air, but the

agent which produces this is not oxygen but sulphur.

Silver does not oxidise when exposed to oxygen, but

it very readily unites with sulphur if warmed with

it. Suljjhuretted hydrogen gas blackens silver at

once, so that if a small })iece of sulphide of iron be

put on a shilling moistened with Avater, and a

drop of hydrochloric acid be poured on the sulphide

of iron, suli^huretted hydrogen gas Mall be set free,

and the shilling will be spotted brown and black in

a very short space of time. Now, sulphuretted

hydrogen occurs in small qiiantities in the air, and

its effect is to tarnish silver. It has probably beeii

often noticed that, Avhere silver spoons are used

ill eating eggs, the bowls become stained brown,

and that it is very difticult to clean them. This

brown tarnish is owing to the formation of sulphide

;

for eggs contain a large quantity of sulphur, which

gives rise to their offensive smell when they " go

bad," owing to the formation in them of sulphuretted

hydrogen gas. A little dilute aquafortis will
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remove the tarnish from silver very rnpidly. It'

this iiu'thotl l)e employed, the silver should l»c

immediately washed thoroughly in water. C'opjM'r

forms a ni.st which is u.sually green ; thi.s is not.

however, an oxide, but a carbonate. Cop])er is

r<»adily tarni.shed in the presence of acids, especially

the acid of vinegar ; also in the presence of fat,s,

so that copper cooking-utensils should always Ite

freed from grease, which promotes the rusting of

the metjil, mid .so causes its introduction into foml,

where it never ought to be, lus cojiper salts are veiy

poi.sonous. The beautiful green tints of old l)ronze

ai"e due to the rusting of the coi)per, whicii Is

the ])rincipal constituent of bronze. But rusting

in copper does not j)rogress as it does in iron, so

that a film of it protects the copper beneath from

further destructive influences. The same al.so is the

case with lead ; its rust is white, and, like that of

copper, is a carbonate of the metal. When lead is

once coat<'d, furtlier action is arrested, and it is well

known that lead roofs have lasted for c<*nturie8.

Zinc, on exposure, in time iM-comes tumished with

a whitish substance, which is the oxide, and as zinc

forms but one oxide there is no jmssage of oxygen

from it t^) the zinc lieneuth, jus ls the case with iron,

so that its rusting is not continuou.s. (jold suid

platinum do not rust at all, neither docs aluminium,

hence it has been used for making aluminium

bronze for watch-cases, jM-ncil-cases, A-c These,

however, do tarnish slightly in time, but this

is owing to the copper with which the aluminium

is alloyed. The metiil nickel is noM' u.sed for coat-

ing ii-on, and the coated ai-ticles retain their bright^

ness ; for nickel does not tarnish on exposure to air.

The space allott<'d to this article Ls now exliausted.

We have considere<l here how the good knights'

swords l)ecame rust ; at some other time wo will

consider how the knights themselves Ijecame dust.

A GLASS OF WINE
By PnoFEssou F. R. Eatox Lowe.

WHEN the Tartar brings out his oldest arrack,

the South American settler his very best

chica, the simple African his choicest ])alm wine,

and the Eui-opean his l>ottle of " generous " port,

they are doubtless actuated by the best intentions.

But whether their hospitality might not be ex-

hibited in a more suitable form is a question that

is acquii-ing, almost daily, increased importance.

However, we are not called upon to disciiss it here,

and from our sjiecial standpoint we may, perhaps,

si-)end half an hoiu- not unprofitably in consider-

ing the chemical properties of a glass of wine, aixd

in titvcing its action on the human economy.

Common alcohol—the intoxicating element in

beer, wine, and spirit — is only one of a large

chemical gi'oup, and is known as ftlnil alcohol,

to distinguish it fi'oni other flui<ls of a similar

volatile nature obtained fi-om other sources. Thus,

there is amyl alcohol obtained by the distilla-

tion of potato starch, and methyl alcohol, or wood-

spirit, obtained by the dry distillation of wood.

Both of these latter kinds are much cheajwr than

ethyl alcohol, and ai-e consequently much used in

adulterating wine and ardent spirits. Alcohol is

produced by the fermentation of sugar, and any

substance containing sugar is capable of yielding it,

by applying a ferment, and afterwards distilling off

the vino\is protluct. In general, the larger the

amount of sugar in the fruit emi>loyed in the pro-

cess, the greater will be the quantity <jf alcohol it

will afford, if the fermentation is j>ennitted to go

on till all the .sugar is expended.

Tluis, the luscious gi-ajjcs of Spam and Portugal

yield strong wines, while the more acid vintages of

Germany and South-west France produce wines of

only half the alcoholic sti"ength. What ai-e calleil

British wines, again, as currant, goosebeny, smd

orange, are weaker still, as these fruits have veiy

little saccharine matter, and a large propoition of

acid, so that sugar Ls added to disguise the exces.s,

and sometimes a table-spoonful of spirit to each

bottle to delay acetic fermentation. Sugsir exi.st.s in

gi'apes and fruit generally in the form of glucose,

and is composed of six equivalents of carbon, twelve

of hydrogen, and six of oxygen. Alcohol is com-

]iosed of the .same thi"ee elements, but it hits only

two equivalents of carbon, six of hydrogen, and

one of oxygen. During ferment^ition, then, the

sugar has lost several equivalents of each element

by di.sengaging carbonic acid, water, and some other

product.s. The frothy scum which always accom-

])anies the piocess is produced ly the jtassage of



48 SCIENCE FOR ALL.

the escaping carbonic acid thi-oiigli tlie gummy and

saccharine matters of the fermenting wort, or jnust

as it is termed by the vintners.

Ethyl acts the jiart of a base, because other com-

pounds besides ethyl alcohol are built upon it. Thus,

common alcohol is ethyl plus the elements of water,

and is, therefore, called hydrated oxide of ethyl.

We may exchange the elements of water for iodine,

chlorine, and many metals, and thus by substitution

get ethyl iodide, ethyl chloride, zinc ethyl, and so

on. If we put a glass of port or sherry into a

retort, and boil it, the vapour or distillate which

passes over is spirit of wine, or alcohol containing

about 20 per cent, of water, to which it clings so

tenaciously that

repeated rectifica-

tion will not re-

duce the quantity

to less than 10

per cent.

Absolute alco-

hol, or perfectly

pure sjiirit without

water, is a curio-

sity of the che-

mist's laboratory,

and is prepared by

distilling (Fig. 1)

the strongest spirit

of wine with some

caustic substance, such as potassa, which has a

stronger alfinity for water than the alcohol has,

and immediately combines with it when brought

into contact. Ordinary sj^irit burns with a pale blue

flame, giving out a strong heat, and depositing little

or no carbon or soot. On this account it is very

suitable for combustion in the small glass lamps

used in conducting experiments on a small scale.

It will float on water, as its specific gravity is less,

in the proportion of 792 to 1,000. The weight of

a spirituous liquor relatively to water gives an esti-

mate of its alcoholic strength ; and in this way the

Excise ofiicers calculate the amount of duty to be

levied. The instrument used to measure specific

gravities is a hydrometer of brass, with a bulb at

one end, weighted, to enable it to float in a vertical

position in the liquid iinder examination. The

heavier the liquid, the more the hydrometer will

be buoyed up, and the lighter it is—or, in other

words, the greater the proportion of alcohol, the

deeper will the instrument sink. In making these

calculations, temperature must be taken into ac-

co'ant, as heat expands alcohol considerably, and

thereby lowers its specific gravity. Ethyl alcohol

boils at a much lower temperature than water,

that is 172° as compared with 212°. Methyl
alcohol or wood-spii-it boils at a still lower tempera-

ture—viz., 140°; and if some of it be put in an
exhausted glass tube, it will begin to bubble as soon

as the vessel is grasped by the hand. An instru-

ment exhibiting this phenomenon, and called a
" pulse glass," can be purchased for a trifling sum
of most of the London opticians. Amyl alcohol

or potato-spirit, on the other hand, boils at a very

high temperature—viz., 270° or 5 8° above the boiling-

point of water. On account of the expensive nature

of spirit of wine, the Excise allows the admixture

of 10 per cent, of

wood - spirit, or

methylated spirit

as it is sometimes

called, for scientific

purposes.

In wine-making,

it is unnecessary

to add a ferment-

ing substance, as

in the case of beer,

for the fruit con-

tains sufficient

nitrogenous mat-

ter in the shape of

gluten, which
speedily undergoes decomposition, and communi-

cates its state of change to the associated sugar.

The grapes are gathered and pressed during the

day, and left to ferment in the night; but the

process is not complete, nor the wine ripe, till the

middle of the succeeding winter.

A few days suffice for the subsidence of the more

active fermentation, and the liquor becomes clear

and loses sweetness, indicatmg that the greater part

of the sugar has been transformed into alcohol and

carbonic acid. It is then racked ofi" from the lees,

and run into tuns for the second, or what we may

call the quiescent, stage of fermentation. In Feb-

ruary it is run into casks, and is then fit for sale as

new wine. Some miiior changes still take place in

the wood. In the first place, there is a certain

amount of evaporation of water, so that the wine

becomes rather stronger ; then a little of the colour-

ing-matter is absorbed by the wood, and the product

becomes of a somewhat lighter hue, while a portion

of the alcohol by oxidation becomes converted into

aldehyde, and subsequently, by the appropriation of

another atom of oxygen, into acetic acid, of which,

1.

—

Distilling Apparatus.
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according to Mulder, there are two or tlirct- piu-ts

in the thousand. If this oxitlatiou were uliowfil to

go on in the open air, the whole of the alcohol would

become acetic acid or vinegar, this acid contaiiung

one eijuivalent more of o.xygen and two le.ss of

hydrogen.

Wine is still further altertnl hy being kept some
years in bottle. Evapomtion is impo.ssible, so that

the wine cannot acquire strength ; and the popular

notion that wine Ix'comes stronger in proportion to

its age in bottle is a fallacy which it is to the in-

terest of the dealer to keep up. The principal

changes which take place in bottle, are the dejx)-

sition of colouring-matter and salts constituting

tlie " crust," and the development of the bovqutt or

j)eculiar aroma, which is such a distuiguLshing

characteristic of the high-priced varieties.

Red wines contam a blue colouring-matter, which

only exhibits its proper hue when thrown down

;

l)ec<iuse, as long as it is in solution, it is reddened

by the tartaric acid of the wine, in the Siime way
as blue litmus, or blue cabbage-liquor, wliich ai'e

used by chemists as acid tests. The action of acids

upon blue colouring-matter may be illustrated in a

very simple manner. We can easily make a blue

solution by infusing small pieces of red pickling-

cabbage in hot water. A drop of any acid, such as

sulphuric acid, or even ^•ineg•ar, will immediately

change the blue colour to red. A blue juice can be

expressed from many red flowers, who.se hue, as in

the case of retl wine or red cabbage, depends upon

the presence of a vegetable acid. The subsidence of

this colouring-matter is due to the Ln-soluble tannic

acid and alumina, which are veiy slowly precij)itated,

canying down at the same time the vegetable matter

and cellulose, in a finely-divided state. The proce.ss

by which colouring-matter is deposited may be

illustrateil by a simple experiment, which requires

no manipulative skill for its performance. Make
a solution of cochineal by boiling the powdered

insects in water. To the dark-red liquid add a

small quantity of strong alum solution or cream of

tartar, and await the result. You will soon observe

that the colouring-matter is being slowly pre-

cipitate<l, and accumulating at the bottom of the

vessel, while the solution itself is becoming propor-

tionately clearer, till it finally loses nearly all its

colour. Tlie precipitated powder is the famous
riimiine ; and colours obtained in this way on a

large scale are commercially known as lakes. In

this case the phenomenon is due to the carrying

down of a colouring principle in comlnnation with

some animal matter by the slow subsidence of the
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alumina. The deposition of j>ort-wine crust is

efi'ected under pn'ci.sely similar conditioiLs. In tin*

wine there is the alumina, the ucid tartrate of

potash, the colouring principle, and the vegetable

matter or cellulose instead of the animal matter of

cochineal. These constituents are so intimaU-ly in-

cor[>orated that ihv process of precipitation is neces-

sarily slow, and occupies several years. Taiuiic

acid is a very astringent substance, and communi-

cates the roughne.ss peculiar to new wine. When
the in.soluble portion of thus acid is entirely pre-

cipitjitetl, which does not take j)lace for five or six

years in the wood, though moi-e rapidly in bottle,

the wine acquires that softness of character which,

connois-seurs tell us. Is one of tht; princij»al tests of

its excellence. After a certain jx-iiod, no greater

degree of softness can be secured by keeping, but

rather an insipidity to which roughness would be

preferable.

Tannic acid or tamiin is the active principle of

oak-bark and gall-nuts, used in the manufacture of

black ink ; it is also abundant in those excrescences

well known as "oak-apples," which are abnormal

growths, produced by the puncture of a small insect

l)elonging to the genus Cynips. It is of somewhat

common occurrence in the vegetjible kingdom, and

the bitter astringency of fruit, skins, and seeds,

esi)ecially those of the grajie, is due to its presence.

Tannic acid has a powerful afiinity for gelatine and

albuminous matters, with which it forms an in-

soluble compound ; indeed, the manufacture of

leather is based upon this property, the tannin of

the oak-bark uniting with the gelatine of the skins.

The frequent use of very rough wine, or wine

adulterated with log^vood, in which tannic acid

occurs, would have the efiect of hardening the

throat and palate, Ijy the transformation of the

delicate cuticle into a membrane of unusual density

and dryness. A characteristic test for taiuiic acid

is the black colour it produces with salts of iron.

By this means it may be detected in wuie and tea,

the depth of shade produced varying with the

quantity of tannin present.

The jigreeable bouquet or aroma is tleveloj>ed at

the expense of the alcohol, and is much improved l)y

age. This accounts for the less of strength in very

old wines, as a portion of their alcohol is decomposed,

and becomes aldehyde and ether. The ethei-s are

riuids derived from alcohol by the action of various

acids, and are extremely volatile. The ether of the

photographer's shop, with the jwculiar smell of which

we are all of us familiar, is made by acting ujKjn

spirit of wine or methylated spirit with stnjng
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sulphuric acid. Hence it is called sulphuric ether.

Now there is no sulphuric acid in wine, but there

are several other acids capable of acting upon the

alcohol. There is tartaric acid, acetic acid, butyric

acid, caproic acid, and some others. These acids

produce different ethers, which combine to give the

much-valued bouquet to old wines ; but the principal

agent is oenantJdc eOier, which is powerfully aromatic

in old ports and sherries.

The bouquet of wines has nothing to do with

their flavour, except, perhaps, to deteriorate it ; for

these ethers, when prepared in a pure state in the

laboratory, have by no means a pleasant taste, and

theirodour is rather disagi-eeable than otherwise. The

flavour of a wine Ls the aggi-egate of the flavours of the

different acids and salts contained in it ; and analysis

shows us that the juice of the grape holds in solu-

tion a considerable number of substances, amongst

which may be mentioned chloride of sodium (common

salt), chloride of potassium, pliosphate of aluminium,

sulphate of potash, tartrate of lime, tartrate of ii'on,

tartrate of alumina, and tartrate of potash. This

latter salt usually occurs in the form of the bitar-

trate, in which the acid is in excess, and then con-

stitutes the well-known ci'eam of tartar or argol,

often found deposited in wine-casks in the form of

small white or reddish crystals. Besides the salts

ali-eady referred to, there exist in the fresh juice

glucose or sugar, gum, and blue or brown coloui'ing-

matter, the latter being derived principally from the

skins, which, in the case of dark or red wines, are

allowed to ferment with the expressed juice.

The lighter-coloured, or white 's\'ines, ai"e not

necessarily produced from white grapes, but the

fruit Ls carefully pressed to avoid extracting colour-

ing-matter, and the skins are separated before fer-

mentation begins.

Why is one wine sweet and another dry] In

the first case, all the sugar is not transformed into

alcohol, but pai-t of it remains in the ^vine after tlie

fermentation has subsided. In the dry wines, on

the contrary, the fermenting process has proceeded

till the whole of the sugar has been decomposed or

split up into alcohol, carbonic acid, and the other

iicids and ethei-s already referred to as combining

to give character to the wine.

Thus we have sweet sheny and dry sheiTy, sweet

.•and diy Champagne, sweet and dry IVIoselle, and so

on. Sparkling wines owe their chai'acter to the

escape of carbonic-acid gas in bubbles, as in effer-

vescing drinks generally. These wines are bottled

while active fermentation is going on, so that tlie

carbonic acid is retained in the ^vine. Sometimes

tlie fermentation is arrested before all the sugar Ls

exhausted : in that case Ave get a sparkling sweet
wine. Thus, in sweet champagne there is one-third

of an ounce of sugar to the jjint, while we have met
svith samples that have contained nearly one ounce
to the pint. The sparkling wines with which we
are most familiar are Cliampagne, Moselle, and
Hock ; but there are others of less note, as Hermi-
tage, St. Peray, and White Burgundy. According

to the principle just laid down, red wines ought to

be susceptible of effervescence by the fermentation

of their sugar. Accordingly, such wines are not

unknown, as sparkling red Biu-gundy, which is

somewhat of a curiosity here, but much consumed
in the district where it is produced. If the fermen-

tation of port were not arrested by the addition of

alcohol, that wine would be liable to disengase car-

bonic acid, especially when new. Some black or

red grapes, however, are not favourable to the pro-

duction of sparkling wines, owing, probably, to the

disproportion between their saccharine matter, and

the gluten or nitrogenous matter, which, as we have

said, Ls the fermenting agent. The sweet Avines are

Tokay, Malaga, Samos, Tent, Cyjirus, and Constantia

from the Cape. The first three are made from dried

gi'apes, and contain four or five ounces of sugar

to the pint of twenty fluid ounces ; while the three

latter hold in solution from two to four oimces of

sugar. Roussillon, or French port, Ls a sweet wine

from the extreme South of France, often iLsed, on

account of its cheapness, to adulterate genuine

port; and Tarragona, or Spanish port, Ls anotlier

sometimes used for the same purpose.

Next in order of sweetness come port and

Madeii-a, which contain about one ounce of sugar

to the pint ; brown sherry, tliree-quai-ters of an

ounce; dry sherry, one-sixth of an ounce; while

claret, Burgundy, hock, Moselle (dry), Magon, and

other French wines of the same distiict, have none

at all. We now come to the subject of alcoholic

strength. This is a matter of some importance to

wine-drinkers, as the physiological and p.sychologi-

cal effects following its use are mainly due to the

spirit it contaiiLS, and are little influenced by the

acid, sugar, and ethers. As the physical evils

attributable to alcohol are augmented exactly in

proportion to the strength of the stimulant, it Ls

impoi-tant that we should know the percentage of

that potent agent Ln the AN-ines most likely to come

under our notice. We find, then, that the Avines

of Spain, Portugal, and the Madeiras, are much the

strongest. Port naturally contains about 24 per

cent, of alcohol, but its strength is always increased
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by the addition of bran«ly, antl almost every ship-

ment to this countiy is fortitiod to such an extent

that its alcoholic jK'i'centage is brought up to 35, or

even higher. Much of this is added to arrest fer-

mentation, and thus prevent the loss of sugar.

The strongest bi-own sheiTies contain the s;inie pro-

portion of spirit JUS port, and are fortitied in a

similar manner.

Madeira averages 20 per cent, of alcohol ; while

the light French and German dinner-wines, as

claret, hock, Burgundy, and Rhine wines, posse.ss

from 9 to 12 per cent. Champagne is nither

stronger, having 14 per cent, of alcohol. The

reader may, |)erhaps, \nsh. to know the relative

strength of some other alcoholic stimulants in com-

mon use. There is the London iKjiier, for instance,

so much appreciated by metrojiolitan working men,

but, perhaps fortunately, unknown in the provinces.

Its depth of colour and density, due on the one hand

to burnt sugar or caromel, and on the other to gnm
and extractive matter, are the qualities which appear

to i-ecommend it ; for, as it contains 98 per cent, of

water and but 2 of alcohol, it cannot be called a

veiy powerful stimulant. An ordinary wine-gla.ss

hohls about two fluid ounces, and the quantity of

spii-it in an imperial pint of London porter would

be thi-ee-quai-ters of an ounce, or a little less than

half a wine-gla.s.sful. Strong i)ale ale has 8 jwr

cent, of alcohol, and Ls sometimes as strong as claret

;

while London and Dublin stout have 6 i>er cent.

With regard to ardent spirits, mm is the strongest,

having 60 per cent, of alcohol, brandy 50 to 55,

whiskey 50, and the gin commonly retailed in

Ix)ndon little more than 20 \)er cent., or four

ounces (two wine-glasses full) to the pint. The

l)est gin should contain just double this quantity.

The proportion of water in wines can easily l>e

calculate*! when the amount of spirit is known.

Thus poi-t, with 35 jjer cent, of alcohol, will have

65 per cent, of water, claret 90, and Burgundy 88

|)er cent.

We now come to speak of the acids of wines.

Tlie acid which exists in largest quantity is tartaric

acid ; thei-e are othei-s whose chemistxy is still .some-

what obscure, but they exist in such small propor-

tions that we need not dwell upon them hei-e.

Amongst the most acid wines are claret. Burgimdy,

hock, and Moselle. According to Mulder, the fii-st

holds in solution about 170 grains of tartaric acid

to the pint. Burgundy 160 gi-ains, and the rest a

little less. Port has only 80 grains, and brown

sherry 90 gi-:iins. Pale ale contains 40 grains of

acetic acid, ami 'iclti- 1 L'O "laius of malic acid in

the sjime quantity. Some French wines, a» Beaune,

Beaiijolais, and othei-s prcMluced north of the fJironde

or Boi-deaux <listrict, are still more acid than the

above, but they are not in much repute in this

country.

White wines of the Burgundy district, as

Chabli.s, Sautenie, and Barsac, are stronger than

the red, and are justly esteemed for their flavour

and fi-eedom from excess of acid. From Germany
we derive .some of the finest wines with which we
are ac<juainte<l. Steinberg, Kudesheim, Hochheim,

and the world renownt-d Johannisl)erg, are pro<luced

in the valleys of the Mayne and Neckar. The last-

mentioned di.strict is, jierhaps, the best wine-

gi-owing country in the world, as its climate is said

to Ije the finest in Euroj)e. The l>est vineyards

here are surrounded by high walls to protect the

trees from winds, and the utmost care ami vigilance

are exerci.sed in the cultivation, in order to secure

luxuriance of giowth and free<lom from ])ai'tial

decay or blight. The [)roduce is neces-ssirily limited,

rii{. 2.—Viue : Flowor and Leaf.

and veritiible specimens of JohannLsberg are some-

what difficult to procure in this country.

The line ( I'i'/m rinihra. File's. 2 and 3) belongs

to till' natniMJ onli |- lifurtu, which contains also
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the well-known Virginian creeper. Although found

wild in many parts of France, Spain, and Italy, it

is probably only an offshoot, and not indigenous in

any part of Europe. Its home appears to be the

shores of the Caspian Sea, and the south-east shore

of the Black Sea, about latitude 37°. Its cultiva-

tion in Europe extends as far north as the forty-

ninth parallel.

In good situations it will ripen its fruit in Eng-

land as far north as 51° or 52°, but the berries are

very small, and quite untit either for the table or

for wine-making.

The vine is now cultivated in warm latitudes all

over the Avorld. On the equator itself, in South

America, it is grown for the purpose of making

wine, and in Hindostan there are A-ineyards at an

elevation of 8,000 feet above the sea. In Sicily the

sides of Mount Etna are planted to the height of

5,000 feet, and the produce is the famous Marsala,

or Sicilian sherry, which, by the way, is less likely

to be sophisticated than any other wine sold at two

shillings the bottle, with the exception, perhaps, of

the wines of Bordeaux. The leaves of the vine are

five-lobed, the flowers small and green, and the ten-

drils by means of which the plant climbs issue from

the points where the leaf-stalks join the stem.

It only remains to glance very briefly at the phy-

siological efiects of alcoholic stimulants. "With the

moral, social, and physical evils of intemperance we
are painfully familiar ; but our present purpose is

simply to investigate the subject from a chemical

and pathological point of view, or to trace the

changes which follow the admixture of alcohol with

the blood. One of the characteiistics of alcohol is

its powerful affinity for water. Placed in contact

with an animal membrane, it immediately with-

draws the water which is an essential component

of the structure, and partial or complete destruction

of its substance is the result. Now, the human
stomach is lined with such a similar tissue, dis-

"inguished as the mucous membrane ; and upon its

healthy condition depends the due performance of

the function of digestion.

In the confirmed dram-drinker, this membrane
is mottled with inflamed patches ; and the intem-

perate use of the stronger wines is sooner or later

followed by a similarly diseased condition. As
pure water forms the weightiest constituent of the

human body—a man weighing 154 lb. having

111 lb. of water in his composition—it follows

that the substitution of alcohol for that element,

and its permanent fixation in the blood, must

vitiate the condition of every organ, vessel, and

tissue containing water as an integral j)ortion of

their substance, and seriously interfere with tlie

due performance of their functions.

The great centre of the circulation—the heart

—

participates in the disturbance. Its action is

intensified, and it is called upon to perform one-

fourth more work than is ordinarily expected from

it; in other words, the rate of its pvdsation is

\) ^ -> ^ s-^
Fig. 3.—An Eastern Vineyard.

increased from the normal number of 100,000 to

125,000 per day. The eflfect is that the blood is

driven with greater force into the minute cii'cula-

tion, where thei'e is msufficient resistance to propel

it through the minute veins or capillaries. These

little vessels consequently become enlarged and

gorged with blood ; hence the sufiiision and red

blotches which advertise the perpetual tippler, and

render his appearance so unmviting, especially as

the nose is the part usually selected for their display.

Till a comparatively recent period, the opinion was

miiversal amongst physiologists that alcohol acted

as a respiratory food—that is to say, it was burned

in the l)ody like fat or starch, with the production

of heat and the evolution of carbonic-acid gas from

the lungs. The researches of Dr. Edward Smith

proved that under alcoholic stimulus there is a

marked diminution in the quantity of carbonic acid

respired, so that alcohol must be decomposed in the

body without any of the phenomena wliich accom-

pany the decomposition of heat-givers. Dr. Richard-

son has further shown, in opposition to the gener

ally received opinion, that there is a reduction of

temperature in the advanced stage of alcoholic
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poisoning from 98° to 96°; and that the nai-cotisni

of alcohol may be thus distinguished from the coma
of apoplexy, in which there is a rise of temi^'rature.

It thus appeai-s that a glass of hot brandy and water

is a very poor protection against cold, and an eipudly

poor remetly when a cold is contracted. The action

of alcohol ujKin the blootl -corpuscles is i-emarkable.

These minute globules are slightly conciive (Vol. I.,

J).
30 1), but it Wits discovered by Mr. Addison that,

in contact with alcohol, they become changed in form

by the withdrawal of water, and are aggregated into

columns, or disposed in star-like groups. The result

is that the flow of the blood is impeded in the minute

cii'culation, and in many cases actual coagidation

occurs. Under such circumstances, adequate nutri-

tion is an impossibility ; food is rejected l)ecause it

cannot be assimilated, and general atrophy or watsling

sjKjedily follows. The existence of this atrophy is not

contradicted by thf apparent fattening which often

accompanies it in the case of |)er.sons who consume

much beer or spirits. The increa.sed deposition of

fat is probably due to the transformation of sugar,

which such j)ersons ouglit sedulously to avoid. The
want of tone in the nerves indicated by the trembling

limbs and shaking hands is one of the most dis-

tressing symptoms of alcoholic poi.soning, for, iw the

nerves emanate fro'm the brain, that organ jtartici-

juites in the mischief, and loss of memory, <linine88

of sight, drowsiness, dulnc.ss of j)erception, and,

hi-stly, the faUil delirium which ends this " sti-ange,

eventful history," are so many signs of progressive

cerebral disorder.

VOYAGES IN CLOUDLAND.
By T. C. llEi'woKTii.

IF a bladder half-full of air, with its opening tied

securely, be placed in front of a fire, or subjected

to any other source of heat, it will rapidly become

.so fully distended that its sides will be tense and

liard to the touch. If the bladder be completely

filled with air, it will probably burst with a loud

report very soon after the heat reaches its contents.

We need hardly say that this efl'ect is not due to

any peculiar property possessed by the membi-ane,

but is caused by the rapid expansion of the heated

air contained within it. A little contrivance, which

Ls used as a droi)-bottle by oculists, illustrates the

expansion of air by heat in a very forcible manner.

It consists of a little glass globe furnished with a

tube having a very small orifice (see Fig. 1).

Liquid contained within the globe flows out droj)

by drop dii-ectly the little in-

strument is inclosed within the

wai-m hand.

It is clear that air in this ex-

panded state must be lighter,

bidk for bulk, than air at the

normal tem|)erature. It there-

fore— for the same rea.son that a

cork will float on the surf.ice

of the water—rises in the denser

atmosphere around it. It is said that the first

inventors of the balloon—the brothei-s Montgolfier

—were prompted to ex{KTimtnt by observing the

Fip. 1 —The Drop-
Bottle.

smoke rising from the chimneys round about

their home. They imagined that the ascensional

power was due to some hidden property possessed

by the smoke. They therefore argued that if

they could but envelope enough of that vajwur

in a large bag, it would be able to float above

the earth. They soon found that the heated air

gave the motive power, and after a few trials

the first balloon-ascent astonished the world. But

ages before the Montgoltiere' time, men had tumeil

their attention to the possibility of navigating the

air, and history records many fatiil attempts of

enthusiasts, who, furnished with wings, have boldly

l)lunged from high buildings into the yielding

atmosphere.

Man in a savage .state would soon learn how to

sujiport his body in water, juid the accidentid help

afibrded by a floating tree-trunk would give him

the tii-st notion of the u.se of a boat. From this

small l)eginning he has so far conquered the .seas as

to cover them with .ships, which re^semble in their

capacity floating villages. The land itself shows

few places where man has not planted his foot,

from the summit of the most lofty moinitain, to

the very l)owels of the ea»-th. But with regartl to

the air, he litis made little or no jtrogress. He sties

birds and in.sects around him which ai^e able to

support themselves and travel in the air with great

rapidity ; but, do what he will, he cannot imitate
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them. Indeed, the common ^ihrase, " I can no moi'e

do such and such a thing than I can fly," is a

tacit acknowledgment that such a means of loco-

motion is denied him. But, as we have already

said, many have been convinced to the contraiy,

and ha^e j^aid for theii* belief with theii- lives.

It is not a matter of much surprise that almost

all the so-called " flying-machines " have been

modelled from the form of wings with which birds

and insects are furnished. This has been done

without any reference to the immense disproportion

which exists, weight for weight, between the

muscular power of man, and that of his humble

but moi"e successful competitors. Let us take one

instance. A common flea—alas I too common—will

jump at one bound 200 times its o\vn length. If

a man possessed the same proportionate power, he

would, standing on Ludgate Hill, be able to jump
clean over the dome of St. Paul's Cathedral without

putting forth his full strength. Could he accomplish

such a leap, we may feel satisfied that tlie power

could be utilised for putting in motion a pair of

wings for his support in. the air. But man is

—

compared with the lower creation—such a weakly

thing, that any attempt to imitate the flight of a

bird must end in failure. It is worthy of notice

that in all such attempts a strange inconsistency

ap})ears. Enthusiasts have been so confident of

success that they have placed then* lives in jeopardy

by invariably taking their flight from some high

tower, or other eminence ; whereas, were their wings

worthy the name, an attempt from a table a few

feet above the ground would have demonstrated

their capabilities for flight equally well without any

risk. The last victim in this country who perished

in the attempt to fly, was De Groof, an engraving

of whose machine we annex (Fig. 2). It was

attached to a balloon which rose from Cremorne

Gardens, in 1874. At a given signal, the fraU

appai'atus was detached from the car, when it

collapsed and fell heavily to the gi'ound with its

luckless contriver. Fig. 3 represents the flying

apparatus designed by M. Letui-r, whose invention

also cost him his life.

The fir.st flying-machine worthy of notice as

bearing some resemblance to the modern balloon,

was suggested in 1670, by a Jesuit named Francis

Lana. It was to consist of a basket-work boat,

having a mast and sail, and carrying at the ends of

vertical rods four large spheres made of sheet-

coppei'. These metallic receptacles were to be

exhausted of air, which operation the inventor

fondly hoped would cause the machine to rise from

the gi'ound. In theory his argument was perfectly

correct, and if the balls had been made of some

siibstance strong enough to resist the pressiu'e of

the atmosphere, and at the same time of extremely

light weight, his wishes might haA-e been realised.

But he did not know, nor did any one at that time,

that the atmosphere presses upon the air with a

Fig. 2.

—

De Gkoof's Flying-Machine.
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Fig, 3.—Letcbr's Flyino-Machine.

weight equal to 15 lb. on eveiy square inch—

a

pressure which would of course have crumpled up

the exhausted air-balls as if they had consisted of

<»gg-shells rather tlian copper. One hunch-ed years

])assed without any advance upon this impracticable

but suggestive proposal of Lana's, when Cavendish

staitled the scientific world by his discover)' of in-

flammable air, or, as we have leaiTit to call it,

hydrogen. Dr. Black, of Edinburgh, at once povmced

uix)n the new vapour as one which, on account of

its extreme lightness, would enable bladdei-s to rise

in the air. Cavallo, in 1782, experimented Ln this

direction. He found that a bladder was too heavy

for the purpose, and that paper, by reason of its

porous nature, would not hold the gas. But he

inflated soap-bubbles with hydrogen, and saw them

rise to the ceiling of his laboratory.

In the same year the brothers Montgolfler were

<;ariying on their exjieriments at Annonay. Their

first serviceable balloon—the outcome of various

attempts—was made of linen and lined ^^'ith paper.

It measured nearly 40 feet in diameter, and weighed

more than 4001b. The necessary heat was obtained

fri)m burning straw, which was placed under a wide

orifice left for that purpose in the lower part of the

balloon. Tlie excitement caused by the new-

fiini,'led machine soon spread to Pans, where many
scientific men turned their attention to the subject.

Among them was M. Chai-les, who was led to

experiment with hydi-ogen. He manufactured a

small trial balloon of silk, wliicli he covered with an

elastic vai-nish, and he had the satisfaction of seeing

it ii.se in the air, until it disa])peared in tlie clouds.

Up to this time no man had had the courage to

ascend, although different animals had been sent

up, and had accomplished their acnal jouniey with-

out accident. But in 1783, Rozier, with whom
one of the Montgolfiers had now established a kind

of partnership at Paris, was induced to enter the

car of a balloon. The machine was attached to coixls

which permitted an elevation of only about 70 feet,

but the experiment clearly showed that man luul, to

a certain limited extent, leamt how to sui)})Ort him-

self above the surface of the gi'ouml. A more

daring fliglit was speetlily announced, and Rozier,

with an adventurous nobleman, were the aeronauts.

The balloon used on this occasion held about G,000

feet of hot aii', which was supplied, as in Mont-

golfier's previous exi)eriments, by a small funiaee of

burning straw. Tlie balloon ascended to a con-

sideraljle lieight, but in coming down the matei-ial

of which it was made took fire, and the two occu-

pants of the car nari-owly escajwd with their live.H.

Meanwhile, tlie advocates of hydi-ogen were not

idle. MM. Ciiaihs and Robert ojKMied a subscrip-

tion to meet the ex|)ense of constructing a silk
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balloon 26 feet in diameter. This balloon is worthy

of notice as having furnished a model for most of

those which followed it. An ascent to a great

height was successfully accomplished, the aeronauts

landing several mUes from their starting-point.

But the strange-looking monster so excited the fears

of the ignorant peasantry, that in a few minutes

after its descent they had torn it to shreds.

Ballooning now became common throughout France

and other countries, and some amoimt of rivalry

existed between the supporters of the Montgolfier

system and those who advocated the use of hydro-

gen. But it soon became evident that each method

possessed special advantages of its own. The former

was of coui'se liable to danger from the furnace

which it carried, but it was more under control than

the gas-balloon, for by judicious use of the fuel it

could be made to rise or fall as often as might be

wished. The gas-balloon, on the other hand, could

only be lowered by allowing its very life-blood to

escape. Moreover, the operation of filling it in the

first instance, was attended by much difiiculty and

expense. But M. Rozier, with another, determined

to take advantage of both systems, by crossing the

channel by means of twin balloons fastened one

above the other. The upper balloon was filled with

hydrogen, while the lower one by which the

ascending power was to be regulated, was con-

structed on the Montgolfier system. It is not

surprising that this foolhardy attempt to bring an

inflammable gas into such close relationship with a

furnace of flaming straw led to a disasti'ous result.

The gas exploded, and the bodies of the two un-

fortunate men were hui-led to the ground. These

were the first victims of ballooning, and many have

since perished in similar expeditions. But con-

sidering the large number of persons who have

trusted themselves to the mercy of the winds in

such frail vessels as balloons represent, the per-

centage of deaths recorded is veiy small.

In England numerous ascents have been made,

but ballooning has in this country sunk to a mere

means of amusement at public gardens and like

places ; although we must except certain expeditions

presently to be noticed, which have been under-

taken for scientific purposes. One of the most

remarkable ascents on record was made from

London in 1836, by Green, the well-known aeronaut.

He landed with his companions the next day at

Nassau, having travelled across sea and land a

distance of 500 miles. The same vetex-an balloonist

made altogether no less than 1,400 ascents. He
suggested, among other improvements, the use of

the guide-rope, which consisted of a long cable

which trailed from the car. This contrivance was
found particularly ixseful in crossing the ocean,

where it steadied the balloon, and kept it at one

constant altitude.

The extra risks attending the use of a fire-baUoon

are twofold. The first arises fi'om the sparks

—

which may be obviated to a certain extent by soak-

ing the balloon material in a solution of alum—and

the second from the accumulation of unconsumed

vapours in the body of the balloon, which may at

any time explode. These and other considerations

have led to the almost total abandonment of the

Montgolfier balloon, in favour of that which is filled

with gas.

A gas-balloon is simply a large bag, usually

either spherical or peai'-shaped, which is made of

some material impervious to the vapour which it

has to contain. The material generally found most

suitable for moderate-sized balloons, is corah silk,

covered with several layers of caoutchouc varnish.

The entire machine is clothed in a network of strong

cord, to which the car and its appendages are

fastened. By this means an equal weight is distri-

buted over each portion of the envelope, and no part

of it is pulled out of shape. The network terminates

below the balloon in a wooden hoop of several feet

in diameter, and from this hoop depends the car.

The latter, which is generally made of basket-work,

is hung at some distance below the balloon, in order

that its occupants may not be affected by the escape

of the gas. At the top of the balloon is a valve

which opens inwards, but closes with a spring. It

is governed by a cord which passes through the body

of the balloon, into the car beneath, so that it may
be under the immediate control of the aeronaut.

Tlie lower opening of the balloon, through which:

it receives its complement of gas, is left iinclosed

during an ascent. For as the machine rises, the air

becomes less and less dense, and the gas naturally

expands. In the early days of ballooning, many
casualties happened through neglect of this precau-

tion. The car is furnished with ballast in the form

of sand-bags, which are emptied one by one at the-

discretion of the aeronaut, care being always taken

to reserve as much as possible to check a too sudden

descent. A great deal of judgment is in fact re-

quu-ed both in the use of the ballast, and in the-

management of the escape-valve. By their aid, the-

operator can rise and fall until a certain limit is

reached, when, the balloon being half-empty he must

perforce return to mother earth. In descending, the

half-inflated bag naturallv takes an umbrella-like-
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or pai-achute form, and the force of thf fall is thus

coiLsidenibly diecked.

Althougli hydrogen giusis, on account of its light-

ness, the most suit^ihle agent which can l)e emjdoyeil

for balloons, its i)rei')aiiition in a pure form is at-

tended by much cx{)en8e and many difficulties iu

the way of apparatus. For these i"easons carbin-etted

Jiydrogen—that is, common coal-gas— is much more

freijuently adopted for the puiiwse. It is xiucli

heavier than pure hydrogen, but this fault Ls coun-

terbahuicetl by the ease with which it can be ob-

tained. The fii-st product of tlie retoi-ts is richer in

carbon than that portion which suksecjuently comes

away, and is therefore more valuable for illumina-

tion. But the latter portion is ftu- lighter, and

more nearly approaches pure hydrogen in its pro-

perties. Balloonists generally airange with the gas

company with which they deal, to be supplied with

this special kind of gas. The aeronaut Green was

the fii-st to employ coal-gas for balloons.

Perhaps no contrivance has ever led to such pre-

posterous suggestions as the balloon. It is not al-

together surjjrising that the ancients should imagine

that the upper limit of our atmosphere presented a

definite surface like the ocean, and that if this could

once be reached, aerial navigation would become

an established art. The discovery of the barometer

of coui'se negatived such an idea. But this is as

nothing compared with the notions which, shortly

after the fii-st balloon-a.scents, occupied the minds

of those whose imaginations outran their scientitic

attainment.s. One would-be inventor gi-avely sug-

gested that a flock of bixxls should be harnessed to

the car, and he was good enough to point out that

eagles or falcons would be the most eligible birds

for the puipose. Geese, we should imagine, might

have done equally well. Another inventor, named

Campenas, was also troubled with sierostation on the

brain. He did not divulge his plans further than

to propose to Bonaparte, in 1796, the constiiiction

of an aerial .ship, which was to hold 200 pei-sons,

and which could be directed to every point of the

compa.s.s. In his address to the Emi^eror he writes :

" I myself will l>e your pilot You can thus, with-

out any danger, hover above the fleets of enemies

jealous of our happiness, and thunder against them

like a new Jupiter, merely by throwing peipendicu-

larly downwards firebands made of a sub.stance

which will kindle only by the contact and porcu.ssion

at the end of its fall, but which it will be iinpossilde

to extinguish. Or, perhaps you will think it more

prudent to begin at once by forcing the Britisli

Cabinet to capitulate ; which you may easily do, as

56

you have it in your jKiwcr to set fire to the City

of London, or to any of the maritime town.s of

England." He go<'K on to wiy that the projected

machine will be capable of tmvelling from Taiis Uj

London, destroying tlie hitter city, and retuiiiing

to Paris all witliin twenty-four hours. A truly

modest progi-amme !

But within far moiT rectmt yeai-s, schemes ijuito

as imiuiicticable have be«'n mooted with e«pud con-

fldence on the jwirt of their projectors. No hiter

than July, 1835, an a^irial ship was atlvertiKc<l to

.sail from London to the difl'erent EurojKian capitaLs.

It was dejiicted on the advertisement-bills as a

barrel-shajied balloon, 100 feet long by 40 feet in

diameter, and capable of carrying 17 pas-sengei-s.

We need hardly sjiy that this curious ship never

sailed.

It is evident that all these wild project* depend

upon some fancied notion of being able to steer a

balloon, irresi)ective of the power of the wind to

blow it in one dii-ection. Most of them consist of

an arrangement of fans and vanes to be set iu

motion, and to act u]»on the air much in the .same

way that the screw of a steamship rei)els the water.

Indeed, the favourite argument peeps out here that,

because water is navigable, air, too, can be brought

under subjection. A little thought will show how
dissimilar the two ca.ses leally are, one l)eing an

elastic fluid, and the other inelastic. If we put a

buoyant thing, such as a boat, into water, there it

is supported on the surtace. We have no further

ti'ouble with regard to its floating capabilities, so

that we can give our sole attention to projK'lling it

This we do by the aid of another power—namely,

the force of the wind. We thei*efore have two

different servants in our employment—one l)eing

the water which bears our ve.s.sel up, and the other

the wind which pushes it forward.

But in ballooning we have but one me<lium to

which we can trust our frail bark— a medium which

surrounds it on all sides. Besiiles this, our ves.scl

must l)e of an unwieldy size to enable it to float at

all. When once launche<l, it takes all our pains to

prevent it rising too high or sinking too low. We
can thus rise or fall in the air to a limited ••.\tent,

but V)eyond this we can do nothing. Thv wind

which, in the case of a water-boat, can by means

of sails be made to do our bidding, is now our

master, to drag us witli him whichever way he may

happen to be going. The hugo surface which a j

balloon nece.s.sanly presents to his influence, gives

him an enormous control over it. In short, it

wovdd be as impo.ssible for us to stem the current
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of air, as it would be for some little beetle that liad

fallen into a river to attempt to swim against the

force which hurries it down stream.

Every kind of motive power has been at some

time or other suggested for application to balloon-

ing. Compressed air will seem to one inventor the

most suitable for the purpose ; another will propose

steam ; both forgetful that the weight of either

air or steam engine would necessitate enormous

gas-envelopes. Then comes the electi'ician ; but the

force with which he deals is, as a motor, so far as

our knowledge at present extends, simply useless

for anything but the lightest work. Carbonic di-

oxide is next proposed, and we are to sail through

the air by means of enlarged seidlitz powders. In

order to show the utter absui'dity of all these pro-

jects for battling Avith the wind, let us imagine for

one moment that a motive power and suitable

engine have been found, and have been placed in

the car of a balloon. We will suppose that an

easterly wind is blowing, while the conrse we wish

to travel lies due east. Let us now watch the

result. The engine is set in motion, and it is so

powerful that the balloon is dragged behind the

car, the cords to which the latter is suspended

assuming a horizontal position. The huge balloon

staggers in the rear like an ill-made kite. The

aeronaut is at last tempted to exclaim—" Of what

use is this cumbroiis bag of gas 1 let us cut it adrift

and fly without it." In other words, an engine

that could exert sufficient force to pull a balloon

against the wind could easdy be made to rise from

the gi'ound of itself. The balloon would therefoi'e

be useless. An indiarubber toy balloon, tied by a

short string to the finger, and moved against a

moderate breeze, will quickly assume a horizontal

position. But the difficulty is perhaps better illus-

trated by a small child who endeavours on a windy

day to cope with the vagaries of a large umbrella.

Before dismissing this part of our subject, we may
mention the possibility of tunaing a balloon round by
means of vanes, but beyond this nothing can be done.

In fact, so far as controlling the movements of the

machine, we are in precisely the same position as

were the Montgolfiers when their paper bag first

rose into the sky.

The only hope that remains to us of being able

to steer balloons to pre-arranged havens, lies in the

possibility of there being, at certain elevations in

the atmosphere, currents of air having a definite

velocity and direction. Many have supposed that

this is the case, but the probabilities of such a

notion beins; true are most vague. A Dr. Van

Heche was the first to propound the theory, and
he i^roposed by screw vanes to rise and fall in the

ail- until the particular current was hit upon which
agreed in its direction with the course he wished
his balloon to steer. The aeronaut Wise, of New
York, was so satisfied with the soundness of this

doctrine of constant currents, that he resolved (in

1873) to cross the Atlantic. An immense balloon

was constructed for the purpose, but owing to the

bad quality of the materials, it si:)lit up in all

directions directly the gas distended its sides. The
scheme collapsed with the balloon, which was
perhaps a lucky circumstance for the intended

passengers.

The science of aerostation has by no means
siiffered for want of daring schemes involving

apparatus of enormous size. In 1863, a balloon

called Le Geaiit, containing 200,000 feet of gas,

was constructed at Paris. The car consisted of a

small cottage residence of two storeys, with every

appliance to make it comfortable and homelike.

It numbered among its conveniences a refreshment-

room and a lavatory. Thirteen passengers were

carried at its first ascent, but the journey lasted

only four hours, owing to some accident to the

valve-line. The second and final ascent came to

rather a disastrous termination after a flight of

seventeen hours. For the balloon descended duiing

a high wind, which dragged the cottage and its

occupants bumping along the ground for several

miles. The jjassengers were, of course, much hurt,

and it is questionable whether there Avas one among

them who ever again tiiisted himself so fai" above

his native earth. This balloon and its somewhat

shattered car were subsequently exhibited at the

Crystal Palace.

The next large balloon-car constructed, was a

Montgolfier, which made two ascents from London

in 1864, both of which were witnessed by the

writer. This balloon had a capacity of half a

million cubic feet. The car was merely an annular

galleiy round an iron stove in which compressed

straw was burnt. Bundles of this fuel Avere sus-

pended from the car. The aspect of the roaring

flames mounting high into the Avide opening of the

balloon, as it rose majestically in the air, formed a

very startling and impressive sight. This balloon,

or one very similar to it, was later on completely

consumed in the grounds of the Crystal Palace just

before a contemplated ascent.

Scientific men soon saAv that the balloon affoided

them a means of examining the higher strata of the

atmosphere, and of obtaining information which it
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Avas almost impossible to procui-e by other ex-

jM'dieiits, ami at the beginning of the pivseiit

fcntiirv many ast'eiits were made in diUerent

countries for the j)urposes of science. M. Sachurof,

of St. Pet^L'i-sburg, turned his attention to acoustical

]>henomena, and, among other results, he obtained,

liy means of a s|>eaking-trum|)et, a distinct vcho

from the surface of tiie earth while he was sailing a'

mile and a half above it. Gay-Lussivc and Biot

<>ndeavoured to detect variations in the magnetic

phenomena of the earth in the higher regions of the

atmospheiv, but without success. They also brought

down botth;s of air from difl'ei-eut altitudes, which

on examination proved to be normal in its pro-

portions of oxygen and nitrogen. In 1852, Mr.

<ireen, in the Niussau l)alloon, made four a.scents

from the Kew Ob.servatory, and recorded similar

results. But perhajjs the most importiint service

in this direction w:us rendered ten yeai-s latei", b}'

^Ir. Glalsher, who, on behalf of the Bi'itLsh Asso-

ciation, undertook a .series of a.scents in company

with the well-known l)allot)nist Coxwell. The

highest ascent ever recorded was accomplished by

them on September 5, 1862.

The balloon left Wolverhampton on that day at

I o'clock P.M., the temperature being 59'. At the

height of one mile the thermometer registered 41°.

At this height they entered a cloud, the esti-

mated thickness of which was 1,100 feet. Lea\'ing

this cloud, they suddenly bui"St into a sunlit ex-

panse,—the clear blue sky above and an ocean of

clouds below, which fonned hills and vales, and

mountiiin chains, whUe the sunlight gave the whole

.scene an appearance of the most sublime l)eauty.

They threw out more ballast, and rose mitil the

barometer told them that they were five miles

above the ground. Here Mr. Glaisher's sight began

to fail him, and he had great difficulty in recording

the observations which up to this time had engi'ossed

his attention. His limbs soon Ijecame motionles.s,

and in a few minutes he fell back insensible. His

comjjanion was affected in almost as great a degree,

foi" he lost the u.se of his hands, which appear to

have turned black. He had, howevei-, sufficient

strength to pull the valve-cord with his teeth, and

the descent, of coui-se, commenced. The height

reached on this occasion Wiis no Ie.ss than seven

miles, and from the effect produced on the occupants

of the car, we may consider this the extreme limit

to which man can go without losing his life.

Many iiseful observations were made during Mr.

Claisher's a.scents. They chiefly related to humidity

and t<ii)pei-ature ; but othei-s of a physiological

chanict«*r, s\ich as the effect of the rarefied air upon

the pulse and the inspiration of the lungs, were

also recorded. Some pigCKUS which wen- taken up

dropjM'd down like stones when they were released

from the car, and only one of their numlH>r again

reached W<jlverhampton. .\t th«' higher elevations

an alisoluU^ silence reign<'d, but at two miles the

bark of a dog was heanl, and at four miles the

noi.s«' of a niilway-ti-ain was detected.

The marvellous effects of light and shadow which

are ofl^-n observe<l from a balloon, no jx-n can

describe
; while occxsionally optical phenomena of a

more e.vtraordinary kiml may be witnes.sed. In

describing one of his a.scents, M. Cliarles writes :

—

" When I left the earth, the sun had set on the

valleys; hi nov) rose for me alone. Presently he

disapj)eared, so I had tlu? pleasure of seeing him .set

twice on the same day." We aiuiex as illustrations

a view of Cloudland (Fig. 4), and a lunar halo

(Fig. 5), as seen during an ascent.

Beyond the .scientific <piestions which balloons

have enabled us to answer, they ha^e of lat<' yeai*s

Ijeen foinid most useful mljuncts to military ex-

peditions. And there is little doubt that in the

future—-we fear that theie is a future for the horroi-s

of war—their u.se will be still further extended.

In the French army they were used so long ago sis

1794, and again at Solferino ; while during th<^ lato

struggle with Germany they weic so commonly

emitloyed, that Herr Krupp was called upon to

devise a sjKJcial form of long-lianelled, pivoted gun

with which to take pot shots at them. But bullets

liave little effect in stopping the progi-e.ss of a V)alloon,

for a rent in the mateiial far larger than a bullet

would cause, would do little moie than act lus a

.safety-valve for the gas.

During the siege of Paris no less than sixty-foui*

balloons stai'ted from the ill-fated city. Two of the.se

were carried .sea-wards, and were never afterwards

heard of, several fell into the hands of the Pnissians,

and the rest escajx'd to friendly territoiy. We
notice in the French Budget for 1877, a credit of

200.000 fnincs was allowed for militjiry ballooning.

This fact alone will show that our neighbcmi-s ai-e

far from thinking lightly of the matter. But its

consideration is not confined to the French, for

during the American war a regular staff of balloon-

ists was attached to the Federal army. And even

the Japanese have constructed an immens*? balloon

for the same kind of service.

Our own War Department is not blind to the ad-

vantiiges which the us*; of a balloon will often af-

foi'd, and some ex|)eriiiients have l>een carried on at
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Fig. 4.

—

Above the Clouds.

Woolwicli witli tlie object of obtaining some definite

information regai'ding its performance in the field.

The.se seem to haA'e consisted principally in deter-

mining the smallest amount of hydrogen which will

raise a man from the gi'ound ; and also, by careful

study of the direction of the wind and of the map,

to calculate the spot which a balloon will reach in a

given period of time. It may perhaps be as well to

add that these exj^eiiments have been carried on

binder the auspices of a select committee of the War
Department. In this connection we may men-

tion that a means has been found of procuring maps

by the help of a small captive balloon carrying a

photographic camera. The camera is furnished in

the usual way with a sensitive plate, which is ex-

posed for the fraction of a second by the action

of an electro-magnet. In this way a correct

picture of an enemy's works can be obtained, show-

ing the number of guns mounted, and the various

details of the defence. Two other uses have also

been suggested for small balloons. Tlie first, that

of determining the height of clouds by calculating

the time which elapses 1)efore they disappear, and

so obtaining data on which to found weather pre-

dictions ; while the other proposal consists in the

employment of balloons to establish communication

between a sinking ship and the shore. But the

latter notion evidently came from a theorist wlio

never tried the exj^eriment of handling a gas-bag in

a gale of wind.

"With the exceptions noticed in connection with

scientific aims, and military service, modern bal-

looning seems to have resolved itself into a means

of obtaining bird's-eye views for the gratification of

holiday folk. The first oaptive balloon of this

public nature was instituted at the Paris Exhibition

of 1867. Its diameter was 93 feet, and it had a

capacity of no less than 421,000 cubic feet. Tlie

gas used was pure hydi'ogen. The car held twenty-five

persons at each ascent, and a rope was attached to

a drum, which I'evolved by steam-power. Another

balloon, slightly larger, but similar in construction,

was established at Chelsea, in 1869. The material

used in making these balloons was a kind of com-

pound cloth, consisting of indiarubber and canvas.

The drum on which the cable of 2,000 feet was

wound, measured 23 feet in length, and had a

diameter of 6|^ feet. Two engines of 150 horse-

power were employed to haul the machine to the

gi'ound. The view obtained from this balloon was.
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when tlie smoke of London permitted, very tine,

for the windings of the Tluuues couKi sometimes Im3

tniced from lierksliire to Greenwich. Hut for some

xmknown reason, the IjoniU)ners did not jiatronise the

show, and the specuhition was an utter failure. In

the sequel, this balloon escai>ed from its moorings, but

its cable acted both as a guide-roiH» ami an anchor, and

it was recovered afterwards some mih-s from town.

The largest balloon ever made formed one of the

chief attractions of the 1878 exliibition at Pari.s.

It was constructed by M. Henry Giflard, the

designer of the balloon already mentioned which

ascended from the Cliamp de Mai-s in 18G7. It

forms a perfect sphere of nearly 1-0 feet in dia-

meter. The material used is a compound cloth, con-

sisting of layere of muslin, indiarubber, and canvas,

all firndy adhering together, so ;us to form a com-

pact gas-proof skin. The exterior is painted white,

both for the sake of preservation, ami to prevent

the gas within becoming unduly heated by the sun.

The balloon carries fifty pa-ssengei-s and two

aeronauts, and the total weight which it raises Ls no

less than 22 tons.

The car is ring-shaped, and has an external

diameter of 19 feet, the annidar floor being a trifle

over a yard in width. As in the ])revious captive

balloons mentioned, the ro|)e dimiiushus in dia-

meter a-s it ivaches the earth, so that if it ac-

cidentally gives way, it will do so at its we«ikest

part, and the major pait of it will remain attached

to the balloon. This cable Ls mad<- of ht-mp. One
of stoel was suggested, but fears wei-e entertained

that it nught form a U*mpting path for atmospheric

electricity, to the danger of the psus-si-ngei-s.

The winding-drum consists of a hollow cylinder,

33 feet long, comiected with two j>owerful st^^'um-

engines. As the ro{)e is juiid out, these engines are

so contrived that they act a.s air-pumps to fwd a

pneumatic brake. This brake .so checks the balloon

in its a-scent, that when the limit of the cable is

reached, the huge machine is brought to a standstill

without any jerk or inconvenience to the passengers.

The amount of work which the constniction of this

balloon entailed may be judged from the fact that

the mere sewing of the seams employetl 100 girls

for one month. The coixlage, the cable, and the

strength of the various materials nsed, each fonned

a matter of serious study and calculation. Intleed,

we may say that in this balloon the .science of aero-

station, so far as it can Ije represented by a

captive machine, has been brought to the greatest

pitch of |>erfection.

Fi){. 5. —A Li..AU H*u>.
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It will be seen from the foregoing lemarks that

tlie problem of aerial navigation has yet to be solved.

Indeed, it is a question whether man will ever get

nearer the consummation of his hopes in this direc-

tion than he is at present. But science makes such

rapid strides, that we dare not say that this genex-a-

tion Avill not see the wish fiUfilled. The considera-

tion of the many difficulties which surround the

subject will perhaps teach us as well as anything

the littleness of man's hopes and aspirations. The

knowledge which is i:)ermitted him, outruns in a

manner his power of profiting by it. The tele.scope

teaches him that the world on which he lives is a

very small planet compared with others in the same

system. It also shows him distant spheres which

iorm parts of other systems, r.o exceedingly remote

that he is perfectly unable to arrive at any concep-

tion of their distance. The nearer worlds which

are in comparison so close to him, and which form

planets revolving round the same sun which warms
this earth, he knows to possess atmospheric pheno-

mena. He concludes from all these things, that

men like himself have their being there. But

between him and them thei'e is an everlasting

barrier—a barrier which consists of emptiness, but

one so strong, by reason of its absence of that air

which is necessary to life, that it might as well he

a wall of molten iron. He can look beyond that

wall for millions and millions of miles,- he can even

tell the constituents of the stars he sees there, but

he cannot tread one step into that great unknown
which he vaguely calls space.

THE CHEMISTRY OF WATER
By J. Falconer King, F.C'.S.,

President of ihe Roynl Ph\jsical Society, City Analyst, and Lecturer on C'kcmistry, Edinhurgh.

THE " elements," according to the ancient philo-

sophers and the early cultivators of science,

were four in number—namely, air, fire, earth, and

water. This opinion, which was shared by the great

majoi'ity of, if not by all, scientific men during the

first half of last century, has been proved by modern

scientific research to be very erroneous ; and yet,

in consequence apparently of the length of time

during which the dictum of these fathers of chemis-

try on this subject was accepted without dispute,

and with all but universal credence, it is by no

means uncommon even in the present day to hear

of what is supposed to be signified by these four

words—air, fire, earth, and water—referred to as

" the four elements." Elements, however, they are

not—at least in the modern acceptation of the

word. What Ave in the present day designate an

element is a substance which, so far as we. are able

to demonstrate, consists of but one kind of matter

only. Now aii-, by which we imderstand atmo-

spheric air, and earth, far from being elements, are

composed, it need hardly be said, of several dif-

ferent substances, some of which are elementaiy

and some compound. Fire is neither more nor less

than the phenomenon caused by matter in a state

of combustion ; and water, with which we are more
immediately concerned at present, is a true and
well-defined compound, consisting of two perfectly

-distinct kinds of matter.

Water was declared to be an element by Aristotle,

but it is right to remember, in giving him credit for

this, that the word element in his day did. not pos-

sess exactly the same significance that it does in the

present. An element, however, he called it, and so

it was regai'ded until the year 1781, when the dis-

tinguished English chemist, Heniy Cavendish, fully

and conclusively demonstrated its compound nature.

This Cavendish succeeded in doing by means of the

chemical process known as synthesis.

Chemists are acquainted with two modes of

investigation, whereby they are enabled to deter-

mine the compo.sition of compoiuid substances.

These two modes are called synthesis and anahj-

sis, and consist, as their names indicate, of a

putting together and a taking asunder.

To prove the composition of a substance by analy-

sis, we take it to pieces, and show that it is a com-

pound by producing each of its several constituents

in a separate state. By the process of synthesis,

on the other hand, we prove the same tiling by

putting together the different ingredients, and so

producing a whole. Thus, we might show the

composition of a watch, either by taking it asunder

and producing the wheels, pinions, hands, dial, &c.,

each in a separate state ; or by putting these dif-

ferent constituents propei'ly togethei-, thereby manu-

facturing, so far, the complete machine. In each

case we should have satisfactorily shown that a
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watch consists of the difl'erent pieces named. We
should in botJi instances have proved tlie same

thing—viz., the comi)osition of the wuteh— but l>y

two dirterent pixx-esses.

The taking of the watch to pieces repiesent.s the

process of analysis ; while the other ofn-i-ation, tlmt

of producing the compound machine hy hringing the

different parts together, illustrates that which we

call synthesis.

The comjMJund nature of water can be very stitis-

factorily proved by means of either of these pi-o-

ces.ses ; but as it was by the process of .synthesis

that this was tii-st done by Cavendish, this motle

of showing its conii>osition has always a |K'culiar

interest for us, and shall therefore Ije tii-st described.

Water, as we have learned from the results of the

cxj>eriments of Cavendish, consi-sts of the two ele-

mentary substances—hydrogen and oxygen—or, as

he called them, inflammable air and dephlogisticatetl

air. The.se two subsUvnces under all ordinary- cir-

ciimstiinces are gases, and when j)ei-fectly pure they

are colourles.s, tasteless, and inodorous. The former

—hydrogen—is exceedingly light ; it is much lighter

than atmospheric air, and is, indeed, the lightest

fonn of matter with which we are acquainted

Oxygen, on the other hand, is comi)ar:itively heavy,

a given qiiantity of it weighing no less than sixteen

times as much as an ecpial volume of hydrogen.

How to make these gases, as well as some of the

more marked proj>erties of each, has already been

explained (Vol. I., p. 283). The most marked jiro-

j)erties, however, of hydrogen and oxygen are shown

when they are brought in contact with a lighted

match. Hydrogen in such circumstances at once

catches fire, while the burning match, if j)lunged

into the gas, is immediately extinguished, which

shows that this gas, though readily inflammable,

is not a supporter of combu.stion—that is to say,

it will bum with facility itself, Vjut vrill not main-

tain the combustion of other substances. O.xygen,

on the other hand, is not inflammable, but it is a

supporter of combustion ; it will not bum itself,

but it promotes in an eminent degree the combus-

tion of Ixhlies which are inflammable.

Water h:is been chemically examined many times

since Cavendi.sh made liLs famous e.x|ieriment, and

these examinations, when properly conducted, have

always yieMed substjintially the same re.sults as

those which he oljtained, l»oth as regards the dif-

ferent kinds of matter which enter into the comjK)-

sition of water, and the proportions in which the.se

are present. For it has not only been proved tliat

water always consists of the two ga.ses just nameil,

but it has been shown most conclusively that tin;

projKjrtions in which they are present are invari

ably the .same. In lb. of water we always lind

I lb. of hydi"ogen and 8 lb. of oxygen ; or if we

measure the gases instead of weighing tliem, we

alwiiys find two volumes of hydrogen unite<l with

one volume of oxygen.

If, thenfore, we take, let us sjiy, two pints of

hydrogen and one pint of oxygen, and mix them,

and to the mixture apply a lighttnl tajK-r, we sliall

at once cause the gases to "combine." Tliey will

enter into chemical companionship with e.xplosive

violence, all traces of them will disapjiear, and we

shall liave left in their steail, as the sole n-sult (jf

their union, nothing more than a few drops of pure

water. In this way we prove the com|>osition of

water synthetically. We start merely with jture

hydrogen and pure oxygen, we cause these to com-

bine, and we obtain nothing more than pui-e water,

demonstrating thereby that water is com]>ose«l

solely of the.se two substances. In Fig. 1 is .shown

a very simple piece of apparatus by means of which

the composition of water may 1^ prove^l by .syn-

thesis. A B is a strong glass tube closed securely

at the upjier end and o])en at the lower. It stands

in a small trough, the bottom of which Is covered

aljout an inch dcej) with mercury. In the usual

fashion this tube is filled with a mixture of hydro-

gen and oxygen gases in the j)roportions ali-eady

mentioned. It is then arranged in the mercury

trough in the manner shown in th<' diawing, and

the open end being securely closed by Ix-ing finnlj'

pressed against a piece of iudiarubljei- which lies

on the bottom of the trough, the mixture in the

tube is fired Ijy the agency of an electric spark

passed into the interior of the tulje V>y means of the

two wires which pass through its sides near the

closed end. When the explosion has ttiken jdace,

the lower end of the tulje Is slightly raised from

the indianibber cu.shion, when the mercury will

immetUately rise in the tube, filling it almost com-

pletely, thereby .showing that a partial vacuum has

been formed. This vacuum being jn-oduced prov«'s

that the ga.ses which previously filled the tul)e have

dLsai>p<'ared, and as there is nothing left in their

j)lace save a drop or two of water, we conclude that

they have lost, by the chemical actioij which lues

tjiken place, their individual existence, and b«-come

converttnl into the C(>ui]M)und which i-emains as the

sole protluct of the change.

By this exiR'riment we i»rove not only tint

hydrogen and oxygen are the sole constituents of

water, Ijiit we show, seeing that the entiiv quantity
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of eacli gas wliicli we used was consumed, that the

proportions of these gases existing in water must

Fig. 1.—Apparatus for proving tlie Composition of Water by
Synthesis.

be those which we employed --viz., two volumes of

hydi-ogen to one of oxygen. If, for example, we had

introduced two volumes of oxygen and one vohime
of hydi'ogen, or, in short, if we
had taken any other proportions

than those which we did employ,

the whole of the gas would not

have been consumed. This

would have been shown after

the combination had taken place

by the mercury then occupying

only a part of the tube instead

of the whole, the remainder

being filled by whichever gas

had been used in. excess. Thus
if we had used equal volumes of

the two gases, only half of the

oxygen would have been con-

sumed; the other half would
have remained unchanged in the tube. And so we
come to the conclusion, from the result of this

synthetical experiment, that water is composed of

hydrogen and oxygen in the proportion of two
volumes of the former to one of the latter.

In Fig. 2 we have a representation of another
form of apparatus which may be used to illustrate

the composition of water. In the bottle A is a
mixture of zinc, water, and sulphuric acid, three

substances which when they are brought in contact

generate hydrogen. The gas as it is produced is

led by the exit tube b into the vessel c, which
latter is filled with fragments of quicklime placed

there for the purpose of drying the gas, which, after

it has undergone this operation, issues at the exit

tube D, when on being lighted it will bui-n with its

chai-acteristic non-luminous, pale blue flame. If

this flame be then covered with a cold vessel in

the manner shown in the figure, the water
which is produced by the burning of the hydrogen,
or, in other words, by the union of the hydrogen
Avith the oxygen which is always present in the
air, will be condensed, and may be collected for

subsequent examination by placing another vessel

to receive the drops as they fall from the edge of

the invei-ted jar.

Having thus seen how the composition of water
may be proved synthetically or by putting together

its constituents, it now remains for us to show how
its composition may be demonstrated by the con-

verse process of analysis. There are various

methods by which water may be analysed or re-

solved into its component parts. The simjilest of

these is that in which we employ the power of

electricity. To efiect the analysis of water by this

agent we employ the apparatus shown in Fig. 3,

which consists essentially of a glass vessel a, through

Fig. 2.—Anotlier Apparatus for showing the Composition of Water by Synthesis.

the sides of which are passed two wires terminating

inside the vessel in platinum plates and communi-
cating externally with the opposite poles of a
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Fig. 3.—Apparatus (or <lecoiuposing
Water by Electricity.

galvanic Iwtt^ry (Vol. I., j*. 40). Tlie vesKel a

having bet-n tilled with water, to which a little sul-

phuric acitl ha« been adiletl lueivly for the imqiow
of allowing a fi^eer i«u«Age to the elei-tricity, and the

batteiT having been .set in siction, bubbles of gns

will at once be given off, a[i|>arently from the two

platinum plates. If two tulK"!* fiUeil with wat<»r be

now inverted over the plates of plutiiiuiu in the

manner sliown in the

<li-.iwing, the bubbles of

gas instead of esoiping

into the air will rise

into the tul>es, displac-

ing the water as they

do .so, and spee<lily fill

them. On examining

the gas so protluce<l by

aitplying a lightetl

match to the mouth of

the tube containing it,

it will be found that

while the gas in one of

the tubes is of a highly

inflammable natui-e, that in the other will not itself

inflame, but will cau.se the match to bum much more

rapi«lly. Tlius while the gas in one tube extin-

guishes the lightetl match and catches fire itself,

the gas in the other promotes the combu.stion of the

match, but shows no inclination on its owni part to

ignite. Tliese, we know, are the ilis-tinguisliing

properties of the two gases hydrogen

and oxygen, .so that by this exi)eriment

we have prove<l analytically that water

is comiKJsed of these two substances.

If the cuirent of electricitv from the

battery were continue<l long enougli, the

whole of the water would in time Ije

decomj)Osed, and we slioidd have nothuig

left save the hydi-ogen and oxygen, a

fac* which proves positively that these

gsi-ses alone are the c<>m[»onents of water.

By close iiLsi»ection of the tuljes

marke«l H and o in Fig. 3, it will be

seen that the amount of g-a-s in the h

or hydrogen tul>e is twice as great as that in

the oxygen tulx.*. Tliis ^-esult is strictly contir-

matory- of that which w obtaiiie<l by synthesis,

for it will be remember:.* tluit when we pixxluced

water by causing its constituents to combine, we
requii-etl always to employ twice iis much hydrogen

as oxygen. By canying our aiialytical exi»«-riment,

however, a stage further, we can have additional

pi-oof <-f the accunicy of our previous residts ; and

57

this we do by arresting the iiction of the liHtt4-ry

when the hy<liT>gen tulje has just lieen fllN-^l, at

which |ioint we know the oxyg»*n tuU- will only

h*- half filh-il. Having thus pn>eui\'<l two volumes

of hy<lrogen and one volume of oxygen as the

result of the decom|xmition of the wat(>r, we
tnuisfer Itoth gH.';e« iji the proportions in which

we have received them to the strong glass tul*

useil in tlie first exjMTimeiit. and n-jN-jiting that

exp<*rin>ent by i>a.ssing an eh-ctric sjiark into the

mixture, we determine the union of the gases,

and so reinxxluce the water which we have just

decomitosed.

Water may be analysed or decomposed in many
other ways. By the action of the met^d potassium,

for instance, at ordinary temjiei-atuies, or by iron

at a i-etl heat, water is at ouce resolveil into it« con-

stituents, the hydi-ogen l>euig given off in the fiee

.stiite and the oxygen Ix'ing seiz«*<l by the metal. In

Fig. 4 an apjianitus is shown, by means of which

water may be decomix>sed by tlie action of red-hot

iron. To the extreme left is place<l a retort con-

tiining water which is made to boil by means of

the lamp place<l Ixjueath it. The steam thus pro-

duced is conducted by the exit-tube leatUng from

the flask into a gun-ban-el filled with iron turnings,

wliich, with its contents, is maint<iine<l at a red

heat by the little funiacc F thi-ough which it

passes. To the right end of the gini-ban-el is fitted

an exit-tulje for the purjwse of allowing the gas

I — ApjKiratua for (leconiiK)auDir Water by ReU-no' In>n.

generat^l to csc;ij>e. The aj>|>;initus Wing thus

piv|»jiretl, the gnn-ban-el is heate<l to i-ednes-s, and

the water in the retort is l>oile<l. The steam arising

fi-om the boiling water is forced iiito the hot iron

tube, where, by the action of tlie heated metal, it

is at once decomjxjs*-*!. Tlie oxygen, as already

explaintnl, is retiiine<l by the iron, and a new com-

pound oxide of iron is proliiced, while the hyd>x>gen,

being thus sejKirate<l from its companion, jwusses on
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through the exit-tube, at the extremity of which it

may be ignited, and the water wliich it produces in

the process of burning collected for examumtion in

the mode shown in Fig. 2.

We have thus fully proved, botlx by synthesis

and analysis, that water is not an elementary sub-

stance, but is a true and well-detined chemical

compound, consisting invarialjly of the two gases,

hydrogen and oxygen, in the jiroportion of two

pai'ts by measure of the fonner to one of the latter.

Li considering the projierties of water, one cir-

cumstance specially arrests our attention : that is,

its perfectly neutral chai-acter. It has no taste, no

smell, and almost no coloiir ; it is neither acid nor

alkaline, and when quite pui-e it is perfectly

bright and transparent. It evaporates at all tem-

peratures, and under the ordinary pressui-e of the

air it boils at 212° Fahr. The boiling-point, how-

ever, is very much influenced by pressure, as has

Fig. 5.—Water made to Boil by the Application of Cold.

already been discussed in previous aiiicles (Vol. L.

pp. 30, 70).

A simple mode of showing the efiect of the jires-

sure of the air in influencing the boiling-point, is to .

place some boiling water in a flask, the mouth of

which is capable of being securely closed. In a

few seconds after the flask has thus been made air-

tight, the Avater will become quite quiescent, and

if, when it is in this condition, the flask and con-

tents be suddenly cooled, the latter, in consequence

of the diminution of pressure caused by the conden-

sation of the steam, Avill immediately begin to boil.

A convenient mode of cariying out this seemingly

paradoxical experiment is shown in Fig. 5.

When water is heated in close ve sssls, the tension

or elastic power of the vapour or steam which is

thereby generated becomes enormous. The INIarquis

of Worcester burst cannons by its power; and, as

every one iinfortunately is liut too well aware, the

strongest steam boilers are occasionally ruptured by
the same force.

It is, indeed, to this force exerted by water-vapour

that we are indebted for all the benefits we derive

from the laboui-s of the steam-engine. When water

is converted into gas—or steam, as it is sometime.s-

called—it expands to no less than 1 ,650 times its.

original volume, and in this fact we have an ex-

planation of the great foi'ce which is generated

when watei- is made to boil, or assume the gaseous-

state in closed vessels (Vol. I., p. 104).

Watei-, in common with some othei- liquids, can,

by being heated strongly and suddenly, be made to

assume a peculiai* condition, in which, though warm,,

it never reaches the boiling-point. We can bring

water into this spheroidal state, as it has been called,

most simply by allowing a drop or two to fall into

a red-hot metallic basin. The water, when it comes,

in contact with the hot metal, instead of boiling

violently and disappearing almost instantaneously,

as we would naturally expect it to do, collects in

the foi*m of a sphere, and moves over the heated

surface without a]ipearing at first to evaporate

at all.

Indeed, although apparently resting on and sur-

rounded by red-hot metal, the globule of A^'ater re-

mains comparatively cold ; it does not even approach

the boiling-point, and it can by a little dexterity be

easily touched by the finger, without any great feel-

ing of pain being experienced.

When water is in this sjiheroidal state, although

it does not boil, it evaporates quite distinctly ; and

although this evai:>oration j^i-oceeds very slowly, it

will continue, if a sufiiciently high temperature is

maintamed, until the water is entirely dissipated.

If the temperature, however, is allowed to fall, the

water at a certain point will enter into a state of

violent ebullition, and will almost instantaneously

be wholly converted into steam.

The explanation of this cuiious behaviour of water

is very simple. At the exceedingly high tempera-

ture to which it is suddenly exposed, a small por-

tion of it is instantly changed into vapour, which,

as it is generated and exists between the heated

metal and the water, acts as a screen or shield,

and prevents the water from coming into immediate

contact Avith the red-hot surface.

The water, in fact, does not touch the metal at

all on which it ajipears to lie, but is separated as.

tiiily and completely from it as if some non-conduct-

ing material, such as a piece of incombustible cloth,

were interposed between them. And so long as

tlie hot surface is maintained at a temperature
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sufficiently liigli to pvov i.U- tin- iietvssjuy ainoniit of

tilt! noii-contluctiii',' vapoui' .«>c»feii, .so loiij,' will the

waiter reinuin in the coini>anitivfly cold siihcroithil

xt,it<?. If, however, the teuii>enituif be ullowt-*! to

fiill, luul thereby the necessiiry supply of this pro-

t4-ctiiig scret'ii be cut ofl", the water will come in

actual cont^ict with the hcatt-tl nietjil, and will then

be almost instantaneously convertetl into steam.

Keeping in i-emembmnce this curious projierty

of water, many of the i>erformance.s of the tire-

oatin" magicians, which appcarc*! to us so wondrous

in our younger days, dwindle into mere conniion-

jtlace tricks. All that is required to enable one to

lick, handle, or ti-ead ui>on a piece of red-hot iron

is a little dexterity, and the caivful wetting of the

tongue, hand, ur foot before commencing the experi-

ment. When we place our wet hand on red-hot

iron, the water, or juirt of it, is inniiediately con-

veileil into vaiMjur, which acts a.s a shieKl and

protects the skin from being burned by preventing

it from coming into real contact with the heated

metd. The escai>e of many jK-'i-sons from the

oi-dinary eflects of the tiery ordeal iri olden times Is

no doul)t also ascribable to the same cause.

Other liquids Ijesides water can be made to

assume the si>heroidal state, and as liquids in this

condition are always colder than they ai-e wheii at

their boiling- |)oint, it follows that if we cau.se a

licpiid whose lx)iling-i)oint is very low to assume

this condition, we shall have thereby an exceedingly

low temi)ei-atiire pro<luced. Indeed, by a simj>le

arrangement, the description of which, however,

does not come within the scope of this paiier, it is

quite possible in this way in the coui-se of a few

seconds to produce sufficient cold to freeze water,

and that while it is contiiined in a retl-hot ve.s.sel.

We have ali-eady seen that one eflect of the ajv

jdiaition of heat to water is, by converting it into

gius, to cause it to expand enormously. W^hen in

the liquid state, water alsoexjiands under the influ-

ence of heat, though not nearly to the same extent.

Tliis l>emg the result of the action of heat ui)on

water, it is a veiy natural conclusion to come to

that the application of cold would have an exactly

opposite eflV'Ct. And to a limited extent this con-

. elusion would be (piite correct, for until it is cooled

to a cei-tain i)()int water does exi»Jind by hejit and

contract by cold. Beyond this iK)int, however, it

no longer follows the general nde, and instead of

exi»anding by heat and conti-acting by cold, as

almost every other substance does, it takes the

veiy opposite coui-se, and contmcts by heat and

ex|Minds by cold. If water at the ordinary tem-

IK'i-ature of the air Im- cixjlf«l it will contract, in

olH-dience to the general law, ami it will continue to

do so as tin- tenqH-ratiire is loweivd until ."J'J" Fahr.

is iviu.-h«'tl, at which jKjint a wondeil'ul change

takes Jilace. Now the continued appliaition of

cold will cause the waiter to eximnti, so that water

ait this tem|K'rature iK)sse.s.s«'s the curious pro|K'rty

t>f expamding by the apjtlication of either heat or

cold. Waiter at this tenq.«rature is, thei-efoi-e, in

its most condensed condition, and hence '.i\)" has

been calle<l the jiouit of the maxuuum density of

waiti-r. It maiy l»e well imaigined thait this |ieculiar

profM-rty lijus not l>een conferred iqton water with-

out .some very good rea.son existing thei-efor, aind

thLs i-eason we can easily understuul if we i-ecall to

memory the different circumstances under which

we should be plaiced if matteis in this i-esiHJct were

not aus they now are. If this liquid were to obey

the general law and contract by cold at all tem-

jieratures, such effects would be pi-otluced thait our

climate would .soon be scarcely habitiible, and many

juirts, even of Euroi>e, would be reuderetl quite

unfit for man's existence. Our lakes and rivei-s

would ill a short time Ijecome solid ma.s.ses of ice

from top to bottom, which would rai-ely or never

be conq)letely melted, so that fish and all other ui-

habitauts of these storehou.ses of animal life would

ere Ion" cea.se to exist The water of wells and

waiter-coui-ses liable to freeze would, during the fii-st

liaii-d fro.st, be rendered solid throughout, which

would most effectually cut off our supplies of water,

.so that, if we escai)ed alive from the rigour of the

climate, we should l>e in imminent dainger of

perishing of thii-st.

The.se dii-e catastrophes, however, have all been

rendered iuq)ossil)le by this peculiar proiK^ty which

has been conferred iq)on water.

To undei-stmd how the effects just descril>e«l

would be protluced if water obeyed the oi-duiauy

law, let us beau- in mind, fii-st of all, that wlu-n a

substmce contracts it becomes specifically heavier.

Thus, a piece of iron at a tenqM'iature of 32" weiglis

much more than a piece of the same metd of exactly

the saime size at a tenqKiature of 500"; and in the

.same waiy would a quamtity of wat<^r at 32" be

heaivier thain the saime bulk of waiter at 40", if the

ordinary laiw had held goo<l in its case. SupiKxsing,

then, for the sake of illustration, that water ex-

hibit<'<l no exception to this law that .suUstmces

exiMind by heait ami contract by cold, let us look

for ai moment at wluit would l>e the eff»*cts of one

night (if hanl frost in our country. The sun .sets,

the air gets cold, iUi<l it iminediaitely begins to cool
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the surface watei- of the lake, on the banks of

which we are supposed to be making our observa-

tions. This water, by being cooled, would of course

become heavier, and would therefore sink, warmer

and lighter water rising to occu^iy its jjlace. In a

very short time this water would also be cooled by

the cold ail', and would sink, givmg place to warmer

water from below, and so this circulation would

continue until the cooling operation had gone so

far that the top layer had fallen to 32°, when of

course it would become ice, and would forthwith

sink to the bottom. Another jwrtion would take

its place to undergo the same change, and so the

freezing ojjeration would rapidly proceed until the

whole of the Avater of the lake, no matter what its

depth, would be converted into a solid block of ice,

which, in the case of most lakes, would be of siich

thickness as easily to withstand the liquefying

effects of oiu- summer sun. The same effect, it is

hardly necessary to remark, would be produced on

all waters—whether rivers, ponds, or wells—which

are liable to be affected by fi-ost. What this would

lead to can hardly be imagined. The inhabitants

of England, imder the conditions which would

result, might be able to keep themselves alive, but

life in such circumstances would not be desirable,

certainly not enjoyable.

From this we are in a position to form an idea

of some of the results which would have taken

place if water had at all temperatures obeyed the

general law, and expanded when heated and con-

tracted when cooled ; and having seen this, let us

now investigate carefully what really does occur

when water freezes. For this purpose we will

again take our stand on the banks of a lake—pre-

ferably on a clear winter evening—and at once com-

mence operations by ascertaining by means of two

thermometersthe temperature of thewater at the sur-

face and at the bottom, and we find, let us say, that

these are 48°. and 16° respectively. A cold wind

sweeps over the surface of the lake so that the

temperature of the water there is speedily reduced,

let us say, to 44°. By this reduction in tempera-

ture it contracts and becomes specifically heavier,

Avhen of course it sinks and displaces the compara-

tively light and warm water below, which rises to the

surface, gets cooled below 44°, and immediately

falls, displacing the warmer water at the bottom,

which in turn rises, gets cooled, and falls, its place

being again supplied by lighter and warmer water.

And so the cooling and sinking process goes on, the

Tipper thermometer always indicating the highest

temperature, when .suddenly the magic point 39° is

reached, when all movement at once ceases. The
upper layer of water is still exposed to the cooling

influence of the wind, and it speedily falls in tem-

perature, but it still retains its place. Our upper

thermometer shows plainly that the water which

surrounds it is being i-apidly reduced in tempera-

ture, but the lower one remains stationary at

39°. At that temperature we know that water is

heavier than at any other, and there like a stone it

remains at the bottom, and as it is fully protected

from outward influences by the mass of superin-

cumbent water, its temperature remains very much
at the same point. The water on the top, however,

having nothing to jii'otect it, gets colder and lighter

eveiy moment. Down the thermometer goes to

37°, 35°, 32°, and then a slight breeze ripples the

surface, and the next moment a thin sheet of ice

spi-eads itself over all. The ice, hoAvever, is colder

and lighter than the water, so that it floats on the

surface and acts as a blanket, protecting the com-

pai-atively warm and heavy water below from being

cooled. During even the severest winter, there-

fore, only a thin superficial layer of ice is formed,

which serves all the usefid and ornamental

purposes requii-ed of it, and when its duty is

finished it i-eadily melts and disappears under

the genial influence of the first few Avarm daj-s of

spring.

In another i-espect than that just mentioned

water is peculiar, and is accordingly admirably

suited for many j^urposes to Avhich it is applied.

What is kuoAvn by scientific men as specific heat

is in the case of water very high. Indeed, Avater

has a higher specific heat than any other single

substance known, and we shall presently see how
thi.^ property renders water so iiseful to us.

What is meant by this term specific heat—or,

as it is sometimes called, capacity for heat—may per-

haps be most easily rendered plain by saying that it

refers to the temperatui-e to which a given quantity

of a substance Avill be raised by the application to

it of a certain quantity of heat. All substances

are not affected in this way to tlie same extent

;

hence Ave say the capacity for heat or the specific

heat of different substances is dissimilar. If, for

example, Ave take a pound of Avater and a pound of

mercury and add to each precisely the same amount

of heat, Ave shall find that while both have risen in

temperature, the mercury has done so to a much

gi-eater extent than the Avater. Mercury, therefore,

it seems, is much more easily heated than Avater,

and this fact is expressed in scientific language by

saying that the specific heat of mercury is loAver



THE CHEMISTRY OF WATKIl. G9

thaii that of water, in wliich resj)ect, as already iii-

(licatetl, lucrcury is .similar to every other sinyle

sul)stancc with which we are ac<iuaiuttHl.

The exceptionally high specitic heat possessed hy

water is useful to us in ditlerent ways. For instjinc*',

if we in Great Britjiin, insteatl of having water

encircling our .shore's, had l>een surrounded liy an

ocean coinj>o.setl of mercury or of .some other liijuid

l)0.sse.ssing a similarly low si>ecitic heat, our climate

would have lieen of a \ery difleifnt nature from

wliat it Is. A liipiid having a low sj)ecific heat is,

we know, <*asily rai.sed or lowered in temi)eniture,

so that our mercurial ocean when the summer sun

beat upon it would veiy s|)eetlily become warm,

and that without absorbing much heat. Tlie air,

accoi-dingly, U'ing much inHuenced in temj^ei-ature

by the heat of the ocean, would so<jn become un-

comfoilably hot. And on the other hand, when

the sun got less strong and winter winds began to

blow, the mercuiy ocean woidd veiy quickly

become cold, and the air of coui-se would sjieedily

do likewi.se. Our climate, therefore, would be

very variable, and subject to great and sudden

alternations of heat and cold. In summer it would

be ovei^poweringly wami, and in winter unbearably

cold. Surroundeil, however, by an ocean of water

with its high specific heat, sucli unplea-santly ex-

treme changes are ini[X).s.sible. When the blazing

summer sjiu l-)eats on our shores, an enormous

amount of heat is absorbed by the suiTonnding

water without it being thereby rendered much
warmer ; the air is, therefore, kept companxtively

cool. When, on the other hand, chilling influences,

in the shajje of winter winds, come into play, the

ocean, Ijeing very difficult to cool, reti^ins its heat

for a long time, and us a matter of coui-se keeps the

air above it tolerably warm. In consetjuence, then,

of this great capacity for heat po-sse-ssed by water,

we can never, in our insular jwsition, suflTer either

the scorching heat or the sevei-e cold exi)erienced

in continental summei's and winters.

In another way this valuable property renders

water u.seful to us, and that Ls as a cooling agent.

We know that nothing will cool us more (juickly

or completely than water, aj)i)lied either externally

or internally, aiul this j)ower, it need hardly be

remiirkeil, is owing to its high .sjiecitic heat.

We have already .seen that water expands when

it is cooled iK-yoml a certain point ; on changing

from water to ice it expands .still further—to the

extent of 1-1 1th part of its volume, so that 11

vohimes of water will f(jrm 1 2 volumes of ice. The

expansion consequent n\><ni this change from the

liquid to the solid st^ite takes place with almoKt

irn*sistible force. Strong iron Ixjttles are imme-

diat«-ly niptured by it, and we are all aware of itH

destructive etlV'Cts as illustrated in the bumting of

the water-pij)es, ic., of our dwellings, which some-

times occurs «luring lui unusually severe fro.st

This foree is one of the most iiniKjrtant agents in

the disint<*gration of our rocks an<l soils. Tliia im-

l)ortant pi-oce-ss is etTected by water in the summer-

time peix'olating into tissures and cavities of the

rocks, which, when the water changes to ice during

the cold of winter, are n-nt an<l toni asumler by

the enormous expansive foi-ce thus genenited.

Water in one of the most abundant substances in

nature, two-thirds of the earth's sui-faceWing covered

with it It is also present in the air in enormous

quantities in the form of vapour ; as snow it covers

the summits of many mountains, and as ice it forms

the vast " floes " or " flelds " in the Polar regions.

It is also present in most animal and vegetable

substances, and even in uiiuiy mineniLs.

Taking vegetibles, for in.stance, theii' is in turnips

and Ciibbages 00 per cent, of water ; in mushrooms,

96 ; in cucumbere, 97 ; in apples, 80 ; in jwtatoes,

75, and so forth.

All natural waters are more or le.ss impure, and

as water in in such common use for dietetic pur[>oses

it becomes a matter of gi-eat importance to l>e able

to distinguish sharply and decidedly between water

which is dangerously inqiure and that which, thougli

very impure from a chemical jMjint of view, is yet

peifectly wholesome. Tlie solving of that problem

belongs to the domain of analytical chemistry', and

does not in any way come within the sco|)e of this

pajjer. It will not, however, be altogether out of

l)lace to mention briefly one or two of the more

common imi)urities of water, such as are found in

our lakes, rivei-s, and well.s. Aksolutely jmre water

is not suitvble for drinking purposes ; for, be.side8

being insipid and uninviting, and even to some

j)eople nauseous, it Is iKJsitively unwholesome.

Bright, fresh spring water, such as Ls at once both

plea.s<int and wholesome, is, strictly sj>eaking, veiy

far from being pure. It contiins in solution not

oidy difterent g!i.ses to which it owes its bright,

sparkling aiH)eanince and invigorating and refre.sh-

ing taste, but also a certain amount of earthy

matter, stich as carlwnate or sulphate of lime, or

similar salts of magnesia.

When these earthy mattei-s are pre.s«'nt in small

j)ro|Kjrtions only, they do not afl'ect injuriou.sly the

character of the water containing them, but if they

occur in excesisive quantities, as they frecjuently do,
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they then most seriously impair its usefuhiess for

many domestic jtui-poses. Waters which contain only

small quantities of these lime and magnesia com-

jiounds are said to be " soft," while those which con-

tain them in greater pi'oportion are desciibed as

being "hard."

It is not advisable to use habitually a very hard

water either for culinary or dietetic purposes ; the

2>resence, however, of a fair amoimt of these saline

impurities—the occurrence of which constitutes
'

' hardness "—rather increases than impairs the value

of water as a beverage. There are, though, it should

never be forgotten, cei-tain other imjijurities some-

times found in water which render it quite unlit

for use, and which have, indeed, been the cause of

much disease and suffering, when water containing

them has been used for dietetic purposes.

Of the manifold uses of water it is almost im-

necessary to speak ; they are universally known and

.aj)preciated. In each of its three conditions this

most invaluable substance is of incalculable benefit

to mankind, fropi a sanitary and economic point of

view, as well as a medical agent, and an aid in

various scientific researches.

The extent to which ice is now employed by

people in general as an article of utility and luxury

may be imagined when we learn that in the London

district alone, 100,000 tons are used in this way
during the season ; while in New York, where it

seems to be in much greater request, 600,000 tons

are used in the same time ; while, with a laudable

attempt, no doubt, to modei-ate the heat often felt

and displayed by some of our more zealous legis-

lator, no less than one ton per night of ice is used

in the refrigerating department of the House of

Commons.

In water we have not only an immense storehouse

filled with countless numbers of creatures fitted for

food, but we also possess by its agency a most

efficient highwaybetween countrieswidely separated,

and which could not be brought into commimication

with the same ease by any other means.

The water of the sea also acts as a vast cesspool,

which receives all refuse matter from the land, and

not only receives it, but so alters and chemically

changes it as to render Avhat would assuredly

become on land highly noxious and pi-ejudicial to

health quite inert and harmless.

Water, also, in conseqiience of its great solvent

powei'S, is a most valuable detergent agent. Indeed,

no other substance that we are acquainted with

could replace it in cleansing operatiins. It is also

invaluable—in fact, indispensable—as a beverage

and as a cookinjc agent.

Besides being so exceedingly useful, water is also

in the highest degree ornamental, contributing not

a little to the beautiful and charming variety of the

globe which we inhabit. The ever-changing masses

of cloud, and the gorgeously coloured rainbow, which

it is impossible to contemplate without feelings of

admiiution, are due to the action of watery vapour

on sunlight ; and we are all aware how much the

landscape owes to the efiect i)roduced by water,

whether in the form of the clear i>lacid lake, the

slowly flowing river, or the bounding waterfall,

or by the various phases assumed by that " image

of eternity," the dai-k and deep bhie ocean.

In its third condition of vapour, we have also an

agent of gi'eat utility, and it is only necessary to

mention the word " steam " to recall what we iu

this country owe to water-gas. By the aid of this

giant we may be said to maintain our siipremacy

among the nations. By it Ave move our huge iron-

clads, weigliing many thousand tons, from place to

place as if they were toys, and by its means we can

transport ourselves on the iron roads which it has

made for us at a speed exceeding that of the fleetest

I'acehorse. Our 80-ton guns and our pens are pro-

duced by the agency of the same power, which

drives also our cotton-mills and our printing-presses,

our lithographing machines and our paper-making

machines, and which also not only ploughs the land

and reaps the crop, but besides grinds the flour and

makes it into bread.

Many things which we regard as of the highest

utility can to a certain extent be replaced by othei-s,

but nothing can replace water. The world at one

time got on without iron, without even coal, but

never without water. It being so necessary to our

existence and happiness, bountiful Nature has made

it very plentiful, and on that account it does not,

as a genera] rule, excite either surprise or admiration

in the mind of the ordinary beholder ; notwithstand-

ing this, however, water is not only a substance of

the gi-eatest inqiortance, but it becomes to us, when

we have made ourselves conA-ersant with its many

wonderful properties and the beautiful and complete

mode in which it fulfils its numerous and all-im-

portant functions, a subject of profound interest and

admiration.
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NUGGETS AND QUARTZ.
1»Y C». A. Lekoik, F.Cf.S., LoM>. and Htm., F.H.ti.S., trc.

Lfcturti- in Gto{o<jical Sui'wyuij tn the Vnirfi-tHij of I>iirhani Colleg* of Phyt-cal Science.

rpUR announcement " puiv ,!,'oIil " is so fivijuent

JL ill <)\ir shop windows ami elsewheiv tliat it may
seem strange to say that until tlie hist year or two

no such thing wjts known. Yet this is strictly

true. Witli infinite pains and num1x*rless pi-ecau-

tions the chemist of the Mint has succtn^deil in

pn'paring a standard gold plate in which the most

delicate tests fail to i"ecognise the presence of any

impurities ; and this is the fii-st time that really pure

gold has been seen. One of the most experienced

of as-Siiyei-s was therefoi\» jn-rfectly justiried in

declaring recently that he had never met with pvne

gold in nature ; and, further, that he ha».l never met
with native gold free fix)m silver.

But if it l>e true that the finest gold-dust and

the largest nugget l>oth contain silver in eveiy case,

and commonly several other foreign substjinces, it

is also tnie that the projwrtion of these things is

so small that one of the chaiiicteristics of gold Ls

the " clean " stjit^", so to si)eak, in which it is chiefly

found. Indeed, hitherto, almost all the gold dug

ha.s been " mitive." In time to come this will

probably not W so much the case.

Inexixrienced people have often mistaken a

variety of minerals for gold—bright yellow mica or

p\Tites * genenilly—but a very limited knowledge

of its proi)erties would have saved them from the

possibility of error. The gi-eat weight of gold alone

separates it sufficiently from all substances at all

resembling it in colour. Then it can be Ijeaten out

into thin sheets in a manner unapproached by other

nietjils, whilst the way in which it stands the onleal

of fire, only melting when the heat reaches about

2,840' Fahr., and coming out of the furnace practi

adly unscathed, is also unique.

All these qualities, added to the difficulty of

finding it, have long ago placed gold at the head of

the aristocracy of metals. Since the days when
Pactolus rolled over its golden sands, men have

sought for it, fought for it, and died for it. No
fniit of the earth has been so long studietl and

si)eculate<l on. Nevertheless, none has Ix'en .so

little known, or so thoroughly misundei>tootl as to

its circumstjinces of dei>osition and mode of origin.

So far as we know at present, gold, in its most

• Chemicftlly, siilpliiile of iron- the iAine substftnce which is

known lut " ilianion<ls " in ro<jfiug shiteH, and iu»
'' thmnlcr-

IxjUs " in the cliiilk.

ancient .setting, occtws a.ss«xiated with quartz, or

impure rock cry.stal, in Aeins cutting through rocks

of various ages, but mostly Ix-longing to the ohler

divisions of the "Paheozoic" .series (FroN'TISPIECE,

Vol. I.), and also di.s.seminated in those i-ocks

them.selves.

The.se gold veins ditl'er in .some es.sential jiarticu-

lai"s from ordinaiy veins, such a.s those contiiining

copper, lead, or tin. Tliey fonn coin-ses of quartz

varying from a few inches to a hundreil feet or

more in width, i-unning through the betls of rock

like gi-eat dykes, and often, owing to the great

hardne.ss of the quartz, standing out like walls

^>^^^S;J^

^^^^k
«.Wr/^i»^

Fir. 1.—A (i.l'l Quart* " Reef.'

many feet above the sui-face of the country. Hence

the appropriate name '-reef" ap]>lied to them

(Fig. 1).

At other times reefs are irregidar, shapele.ss,

quai"tz-filled spaces, without apparent ortler, and

very unlike lotles of ba.ser metals. In Fig. 2 we
have a section showing a Victorian gold vein of this

character. It will l»e seen that no dislocation of

the encasing bedded rocks necessiiriiy attends the

presence of reefs. It will also l>e noticed that fi-om

surface api»eaninces little or nothing could, in cases

of this kinil. Ite prcflicttnl as to the probable width,

direction, or continuoiisness of the vein In-low

ground. Still, by dint of practice, gold pro.sjx»ctors

have come to know—or to think they know—when
the quartz looks " kindly"—that is, whether it is

likely to hold gold or not. If the " kindly " look
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be justified, gold may possibly be seen at the out-

crop of the reef, but more usually it will have to

at Fryer's Creek, Victoria.

be separated, by hard and tedious mechanical labour,

from the quartz in which it lies concealed in specks

too small for the eye to distinguish. In either case

the sui-face appearances are apt to be deceptive, for

auriferous quartz contains many other substances

besides gold—and those, too, in a chemical form

that renders them peculiarly liable to decomposition

by atmospheric agencies. Now, the quai'tz being to

some extent held together, as it were, by these sub-

stances, becomes, when they are decomposed, itself

crumbled down, and the heavier unaltered and

almost unalterable gold i-emains at the surface,

minus much of the matter which originally accom-

panied it. It follows, therefore, that a reef is often

richest at the surface—not, as has for'yeare been

very generally believed, because the gold occurs in

^eater quantity in the upper portions of the reefs,

but by a mere effect of wearing away. At the

present day, in California and elsewhere, gold-mines

ai'e being worked which haAe grown richer and

richer as they got deeper.

Although, as has been mentioned above, the gold

is not often visible to the naked eye in the quartz,

it occasionally happens that lumps of considerable

size are found embedded in the white or reddish

quartz rocks—the " matrix " of geologists. Thus, a

hundred-weight of gold was once found in a reef in

New South Wales, in blocks, of which the largest

was a foot across, and weighed seventy-five pounds.

We have no means of ascertaining the exact geo-

logical date of tlie in-filling of the reefs, but there

is much good i-eason for believing that

'T \ it took i)lace chiefly at the close of the

> • "Palaeozoic" times. From that ])eriod

to the latest within the scope of

geology the history of these veins is

a blank. We know nothing of them

until we see them in " post- tertiary,"

or, as some say, " quaternaiy," times,

cropping across the exposed edges of

the uptilted and altered rocks, much
in the same position as we find them
now. Tlien, as now, the decomposi-

tion along their exposed edges was

carried on chemically by air and rain,

the eroded quartz—" mice-eaten," as

the mineis call it-—detached itself and

crumbled, leaving the heavier gold

behind it, and then, as now, or

perhaps more than now, the constant

waste of the land called "denuda-

tion," slowly but surely carried on its

woik of destruction and change,

transporting quaitz and gold, as gravel and nugget,

to the neighbouring slopes and gullies, and as sand

Top Soil.

lied Clay.

Fig. 3

Ls_^ *^»

Quartz Gravel and Red Clay.

Gravel and Quartz Boulders,
and Piccis of Slatv Kock
and Clay.

Wash-dirt (Gold-txaiiiipl

Clay Slate (Silurian).

—Section of Gold-bearing Drifts at Bunolly, Victoria.
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and flay an«l dust to the more distant rivt'i-vulh'ys.

Tlic (juaitz-iuintr imitates Naturt; in a rude way by

oiusliinj^ tin- (juartz in staiiijv-uiills, anil tlu'n col-

lecting the gohl from the ciuslied mass by various

chemical exi)edienLs.

It is in these "jravels, sands, and clays—collec-

earnings

deseili'd

Fig. 4.—Diagrammatic Illustration of a Digger's

U) Botlom Kork (Silurian) : (hi BaiMilt iH\i-e )M)ttoiii i ; ir\ llirli Wa.>
(K) >iwiT Urifl, »ltU ixi.-itiiig Stream.

tively known as Drift—that nine-t-enths of the gold

of the world have l>een found. It is only within

recent yeai-s that the parent reefs have Iw^en sy.ste-

maticsiUy attacketl. In these Drifts (Fig. 3) the gold-

digger of early Australian and Californian times

worke<l. They ai-e still the poor man's diggings,

i-equiring little c-ajiital to w;ish out the gold, while

the quai-tz-reefs demand a considerable outlay. In

California they are known as " placers." The depth

of the Drift is always very

limited, but that of the reefs

has i>ractically no limit.

The Gold Drifts are rela-

tively of different ages. Thus,

they consist not oidy of de-

jX)sits due to existing streanis,

but often represent the debri:

bi"ought down Ijy. rivers long

since dried up and lost In

Australia tliis has more than

once lieen illustrated in this

manner. A lonely digger,

whom, in his own slang, we
^vill call a " liatter, " opens out

a solitiuy "claim" (Fig. 4) in the valley of an
«xi.stijig water-coui-se, and sets to work digging and
wa.shing. The gold-ljearing loam, or " wjish-<.lii-t "

—

the " pay-dirt" of the Californian— is poor, and after

a time the " bottom" or hard rock is reached. The
miner's ho|)e re.sts on getting to the "Ixjttom" or
" beil ro<.k." Here the hea\-y gold worked down by
the stream will have settled. If it is to \>e found

anywhere, it will l>e here. If the "bed rock"
haa stopped no riches in their coun>e, then all
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further search is u.seleM>, and the di8a]t|X)inte<l

"hatter" strikes his aimp, and (h'jwiils to oilier

fields. Soon after comes the digger's ghaner— the

humble "fossicker." He is content with smuller

tlian his pr«Hlec<«Hor, and works tin;

claim" in his turn. ]5y luck, or instinct,

or jK-rhaiw even by exjierience,

he fancies the hard rock may
\jt' but a " false Jjottom," and

by dint of jiatient toil sinks

thixjugh it. Fortune (in this

imaginary case), favoui-s the

bnive, and, sure enough, Ijelow

the bottom rock, clays, sands,

and gravels occui-s once more,

—with possibly a nch auiifer-

ous wash-dirt and "cement,"

or conglomerate, at the Imse,

resting, this time, on the

beds—the true " bottom."

Here let us leave our " fossicker " njoicuig in a

"lob" of gold such as in real life " fos.sickei-s

"

seldom find, • in " spangle," " pauit," " flour,"

" heavy," " .shotty " gold, and " nuggets "—and sec

how geology explains the matter.

In the valley, c, there accumulat«l in long-pa&t

times the auriferous Drift from the hills. Then

came the overflow of a volcanic eiiiption, filling

" Claim."

h-dirt : (i>) older Drift;

denuded Palaeozoic

Fig. 5.—Maiue Boy's Tunnel, illustrating the olJ Luva^corered Gold-Drifts of California.

the valley with lava-—now bas<dt Such eniptions

were frequent in Australia up to almost within the

historic j)eriod. Next followeil the inevitable " de-

nudation " or wearing away of the cooled and

hardenetl lavii, the lx)ttom rock of the unsuccessful

"hatter," and the establi.shment of the exi.sting

stream with its valley and gohl-bearing dejtosits

—

neces-sarily j)oorer, however (time of formation

and reducetl ai-ea consideifMl) than the older and
lower " wash-dirt. " Though our " hatter " juid
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'• fossicker " be persons of no particular conse-

quence, they have served to illustrate facts of

conuuon occurrence in Australia and North-west

America (Fig. 5). The great gold "leads" of

Ballarat are, many of them, merely old river-beds

underlying, and, so to speak, " bottled up " by,

great sheets of basaltic lava ; and the same thing

ha])pens in the Far West.

In some rare instances true gold lodes ai-e found

unassociated with quartz. They thus occur in

Transylvania, at the Vorospatak mines, where

veins of carbonate of lime are worked of which

the sides or " cheeks " consist of symmetrical

layers of gold varying from one-half to one milli-

metre in tliickness. In this exceptional case, the

containing or " country " rock is of igneous origin

—an old quartzose lava known as Dacite—and the

gold is often beautifully crystallised in perfect cubes

and octahedra.

But besides occurring in detached and more or

less rolled fragments in Drift, or encased in the

quartz of reefs, or less frequently in other forms of

veins, gold is found disseminated widely, though

thinly, throughout the rock-formations of the

world. In this condition, however, so minute

usually are the proportions in which it has hithei'to

been detected, that its presence can only be made
manifest by means of delicate chemical tests. The
ancient quartzites of Scotland, the basaltic dykes

of Britain, the Carboniferous Limestone of Bristol,

the Coal-measures of New South Wales, the Triassic

and Jurassic rocks of the Continent—all these have

yielded the precious metal to the analyst.

Such are the leading facts. How are they

explained ] Whence this all but universal pi-esence

of gold ] whence its concentration in certain veins ?

and whence its wide dissemination in rocks of all

ages % Conclusive answers to these questions there

are none, pi-obable answers there are a few, but of
possible and impossible the number is, as mio-lit

be exjjected, great.

Were the fissures or veins tilled by the condensa-

tion of heated fumes from below, from the interior

of the earth 1 or by dej^ositions from mineral waters

similarly heated ? Or were they filled entirely from
above, from the tricklings and evaporations of our

surface waters'? Are the veins the result of all

these agencies combined ? These are a few of the
oft-discussed but still doubtful points as to lodes.

But they scarcely touch the subject of dissemi-

nation in sedimentary rocks. Here there are

but two probabilities. Either the gold is due to

the erosion of pre-existing veins—and this is un-

doubtedly ti-ue for some of it—or it is due to

the sea.

This last alternative is perhaps startling, but

when we add that it is now ascertained that all sea-

water contains some gold, and when we reflect on

the timeless age of the ocean, on its presence in

former times wherever bedded rock is found, it will

be readily admitted that here, at last, we may have

a cue to the origin of much of the gold as we now
tind it. But Nature loves to work in various ways,

and if we must, according to the present state of

our knowledge, look to the sea as the great golden

treasury of the globe, we must yet remember that

CO operation from some of the other soui-ces enu-

merated above may also have been brought into play.

THE SUN OUR FIRE, LIGHT, AND LIFE.

By Richard A. Proctor.

I
CONSIDERED the sun as ruler of the solar

system before considering him as the source of

nearly all the light and heat received by that system,

because the study of the heavenly bodies and their

movements leads us first to recognise the sun's

power as a niler. It is in this power in fact that

we find the explanation of motions which otherwise

could not possibly be understood. It is only because

the sun's mass, and his consequent might, have been

fully recognised, that the system of modern astro-

nomy is regarded as established. So far as the

mere movements of the jilanets are concerned, the

theory of Tyclio Brahe would have as good a right

to our acceptance in these times as that of Coper-

nicus. But when once we perceive that these

movements are i-nled, and that mass or quantity

of matter measures the ruling power, we see in the

sun the chief ruling body. It was natural, then,

that we should first study his action in this capacity.

Otherwise it woidd have been natural to consider

the sun first as the light and fire of the solar system ;

for certainly men noticed his light and heat long

before they recognisetl his ruling power.

The brightness of the sun's surface is obvious to
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the t've. No t»'k'sfoi>e ix inttlttl to t«-ll us that tlmt

sui-face is so intfiiM-ly luNtroiis tliat no lar^'c jMjitioii

of it can W' look«*«l at diivrtly without i>ain. IJut

some will be 8uq^)risetl to h-uni that it luakeH little

ilitlei-enc«—so far as the intrinsic hrightneKis of the

sun's light is concerneil—whether we look at him

ilireetly or throu-.'ii a teleseojH'. and that it wouhl

make no tlitierence in tiiat resj>ect if we couhl

appixtach him mm*h more nearly, or rectnle fix»m

him to the distance of Saturn, Uranus, or Neptune.

We shouM, of c lUi-s*', get much more light from him

tlian we do if we weiv a.s near to him its Mercury,

and much less than we do if we were as far away
as Neptune ; but that would be because his ap|)arent

size would l)e incivased in one ca.se, and diminished

in the other. His enlarged or diminisluHl disc

would lie of the same brightness a.s at present. In

a large telescope also the sun's total light is gi-eatly

iuci"easetl ; but his apimi-eiit size is even more
increiLsetl (for the thick ghus-ses of large tele.scoi»es

absorl) a portion of any light which luus to piuss

through them), so that his surface-brightness is

rather less when he Ls seen in a telescope tlian when
he is looked at dii*ectly.

We may say, then, truly, that the sun is as bright

as he looks, or, rather, that but for such absorption

as our air exeits on the sun's rays, he would look

a-s bright as he really Is. This absoii)tion is such

that when he is nearly overheml, on a very clear

day (at the sealevel), about two-thirds of his light

i-eaches xis.

ConiiMuing his lustre with earthly lights, we may
sjiy that it exceeils in intensity the brightness of the

lime light in the oxyhydrogen Hame, at its greatest

obtainable intensity, al>out 1 40 times. Sir John Her-

schel says 14G times. The electric light can be raised

almost to the brightness of the sun's surface ; but

under ordinary conditions its brightness is not

([uite half lliat of the sun.

But while the brighti»ess of the sun is thus

amazing, the totjil rpiantity of light he emits is

infinitely more so. Eveiy square inch of a surface

exceeding that of our earth ll.ToO times is glowing

with a lustre exceeding 140 times that of a square

inch surface of lime iinder the oxyhydrogen flame.

The Uierest jKjint of light in the cii.se of the electric

flame illuminates with what .seems like the light of

day a sui-fiic<> of many hundre<l s<juare yards ; and

in the ca.se of the sun it is not a mere j)oint, but a

sui-face of some 2| millions of millions of srjuan-

mile,s, which is glowing with a brilliancy exceeding

more than twofold that of the electric light

Add to this the con-sidenitinii that a large portion

of the light emitt**«l l>y the sun is H)»sorbe»l by his

own atmosphere. For tlie disc of the sun is not

uniforndy light, but shadetl otl' towards the edgi-s.

The actual surface is thus even more intensely

bright tlian the centnd i>art of the siui's face as we
see it. But even this is not all. We liave se<'n

that the sun's surface ap|H*ars mottle«l and granu-

lated, the gniiniles being far lightir than the buck-

ground on which we see them. Pi-oliably nine^tenths

of the sun's light come from the granules, which,

if we couhl see them as they i*eally are, wouhl

j»robably 1k' found to occupy not much moix- than

a tenth of his entii-e surface. For they are all

expandetl in appearance by the optical effects known
as irrfi'fiatloii and iHjfradion. Thus, it woidil pro-

bably not be an exaggeration to say that they aie

nearly a hundred times brighter than the l»ack-

ground on which we .see them. If so, their bright-

ness is ten times gi-esiter than the average solui*

surface brilliancy, which is it.self probably twice as

great si-s the lusti-e of the surface as seen from with-

out, while we on esirth, even under the most

favourable circumstiinces, lose a third or there-

abouts of the surfiMse brilliancy of the sun, ius he

would be seen from the moon or any airless planet.

The emission of solar heat is even more marvel-

lous, for it indicates the constant activity of forces

of inconceivable energy.

The sun is as hot as he seems to be, in the same

sense that he is lUs bright as he seems to be—allow-

ance Wing always made for ab.soi'j)tion in his own

atmosphei-e and in our own. By noting the actual

amount of heat received on the etirth from the disc

of the sun, we can tell the totil amount emittetl

(not the totil existing amount) from the globe of

the sun. Sir J. Hej-schel and Pouillet have done

this independently, by tinding out the rate at which

the sun's hejit melts ice. Their results agree w ell

together. These results show that the heat falling

on a Sfjuare mile of the eai-th's surface from a sun

overhead woidd melt 26,0(M» tons of ice in an hour.

The earth receives about 50,000,000 times as much.

But the eai-th only captures about one two-

thousand-miliionth jiart of all the heat which the

sun emits. Thus the totil heat emitte<l by the

sun would sutHce to melt li,(>OU trillions* of tons

of ice per hour. This emission corn'S|)onds with

what wouhl result from burning 11,7.'>0 billions of

tons of coul jK-r Kfrnnil. The rate of solar nidia-

tion of heat is eitsily rtin<nibere<l if we note that,

•
I follow the Knyluih, not the Fn-iich Hyutvm of notiitioii.

Tliiiii, hy hillioiiK I inciiii inillionM of iiiillionx ; hy trilliouit, I

ineiiu tiiillioiiN of iiiillioiiH of niilliona ; anil mj forth.
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supposing oui" earth's surface as liot as the sun's,

she would emit as much heat per second as would

result fi'om the biu'ning of one billion tons of coal.

It is a singular cii'cumstance, by the way, that of

all the tremendous work implied by the emission of

solar heat, only a very small portion seems utilised.

I have mentioned that the earth captures about 1

in 2,000 millions of the solar rays. All the planets

together capture about 1 in 227 millions. The rest

—that is, 227 millions of i-ays for every one which

falls on a planet—pass into the star-strewn depths.

They may reach planets travelling round other stai-s,

just as the rays of Sirius and Vega, Arcturus,

Capella, and Aldebaran, reach oiu- earth. But it

is as difficult to perceive how their energies can be

thus utilised, as to understand how such trifling

supplies of heat as we receive from the stai-s can

produce any effects corresponding to the enormous

amount of seemingly wasted energy which they

represent.

We must now study the physical condition of the

orb which is thus the fire and light, and therefore

in effect the life, of the solar system. We have

here a subject which has gi-own marvellously in

interest dv.ring the last few yeai-s. In fact, it may
almost be said tliat the study of the sun's physical

condition by other methods than mere telescopic

observation, was not even commenced before the

present century.

We have first to consider the residts of the in-

vestigation of the sun's light "vvith the spectroscope.

The optical relations involved in this investigation,

and to some degree the physical relations also, be-

long to other departments of science than astronomy,

and will be fully dealt with elsewhere. Here it is

only necessary to state the laws which are to guide

us in the interpretation of the various results of

spectroscopic inquiry into the condition of the

heavenly bodies.

We find that when the light from a solid or liquid

body white with intensity of heat is caused to pass

through one or more triangular prisms of glass, the

white light is spread into a rainbow-tinted streak

or spectrum, the different colours whose mixture

forms the white light being bent in diffei'ent degree

by the action of the prism or 2:»risms, so that they

ti-avel in different directions as they leave the last

pi-ism. The red rays are least bent, the orange

next, the yellow next ; then, in order, the green,

blue, indigo, and finally the violet. And when care is

taken—by allowing the light to shine only through

a fine slit—to cause the several tints of each colour

of the rainbow to travel clear of neighbouring tints,

it is still found that a perfect rainbow-tinted streak

is produced, the red merging into the orange, by
insensible gradations, the orange into the yellow,

and so forth. In other words, no tints are wanting

in the light of glowing solid or liquid matter, where-

fore its spectrum is a perfect, or, as it is technically

called, a continuous rainbow-tinted streak.

But the light of the sun, when analysed in the

same way, is found not to contain all tlie tints of

the luinbow. Newton, indeed, in his original ex-

periments on the sun's light, obtained the result

which I have just described as hajipening in the

case of glowing solid or liquid matter, but that was

because he did not sift the light finely enough.

Wollaston firet, and later (and much more com-

pletely), Fraunhofer, making fine the slit through

which they examined sunlight,

found first that a few and after-

wards that many tints are missing

from sunlight. Fig. 1 is a picture

of the solar spectrum (uncoloured,

but the colours are indicated verbally

below it), witli the chief dark lines

(or missing tints) noted by Frjain-

hofer. But to undei-stand the nature

of his work the intermediate finer

dark lines must be described :

—

a is

a well-marked line near the red end

of the spectrum ; b is a strong and

broad line in the red. Between a

and B is a band of several lines

called a ; c is a dai'k and very strong

line. Between b and c Fraunhofer

counted 9 fine lines ; between c and

D about 30—D is a double line.

Between d and e Fraunhofer counted

84 lines—E is a band of sevei-al lines,

the middle line stronger than tlie

rest. At h are three strong lines,

the two fai-thest from E being close

together. Between e and h Fraun-

hofer counted 24 lines; and be-

tween h and F more than 50. f, g, and h, are

stronsr lines. Between f and G and between g and

H, Fraunhofer counted 185 and 1 90 lines, respactively,

and even between H and i, where

" The last gleanings of refracted light

Die in the fainting violet away,"

he still found many dark lines, or, more coi-rectly,

he found that many tints are missing.

I have been thus particular in describing Fraun-

hofer's results, because his lines ai-e constantly

Fig. 1.—The
SolarSpectrum,
showing the
Fraunhofer

Lines.
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i-«'l»'iTed Ui in tlt*scril)in^ spfctroscoitic rt'searcl u-s,

aiul liis inquiries sui)i)lieil in reulity the Ixisis of tlie

modern science of .sjH»ctit)sco|)ir analysis. It must Ix-

undei-stooil, however, that modern oKservat ions i*e-

vt'al a fur gix'ater numWr of lines than Kniunhofer

Siiw. In fact, it may truly he said that while in

sunlight there are all the coloui-s of the niinbow,

yet thonsjinds of tints are missing from the i-ed,

thousiinds fi-om the onmge, and, in tine, tens of

thonsiinds fi-om the sj)ectnun as a whole.

Now, the intei-pretation which science hius found

for these miasing tints is that they show the action

of the vapoui-s of certain elements in absorbing light

emitted by the sun. It is found that eveiy substance,

when in the vapoixjus form, and glowing with

intensity of heat, shines with ceitain tints only. Its

light, dealt with by the spectroscojx?, does not form

a rainbow-tinted sti-eak, but simply produces a cer-

tain number of coloured images of the slit through

which the light is i-eceived. One substance, sodium,

shows only a strong double orange-yellow line, and a

few faint lines belonging to other pirts of the spec-

trum. Hydrogen shows four bright lines, one red, one

green, one blue, one indigo. Jron shows about 4oO

lines of all the colours of the rainbow, but still they

ivpresent only 450 tints among the infinity of tints

fo"ining the rainl>ow-tinted spectrum. But it was

also found that a vai)Oiu- has the jKJWer of absorbing

the sjxme tints which it emits. If a ma.ss of glow-

ing solid or liquid matter is sliining through a mass

of glowing vai)Our, and the s|)ecti-um of both is

examuied, we find that the rainbow-tinted streak

from the solid or liquid is crossed by dark or bright

bands corresponding to the tints of the vapour. The

lines are dark if the vajwur is cooler than the solid

(and so absorbs more of its own special rays than it

emits), and bright if the vapour is hotter than the

solid (and so emits more rays than it absorbs). If

both substances are at the same heat, we liave a

r.iinbow-tinted sjjectnnn without either dark lines

or bright lines ; in other words, we find in this case

no evidence in the spectrum to show that the light

fr;im the glowing solid or liquid body has passed

through the glowing vapour. In ]X)int of ffict, we

may sjiy that in such an expeiiment the tints be-

Idiiging to the vajKiJu's sjX'ctnnn are just a.s .strong

ius though the glowing solid or licjuid were not pre-

sent at all ; so that they appear (1) as dark lines, (2)

as bright line.s, or (.?) are lost, in the rainbow-tinted

background, according a-s (1) they are fainter or ('2)

stronger than that Vjackground, or (.*?) of the sjime

lustre.

We see, then, that the daik lines in the sun's

s|Kitruiu indicate the pre-i -nee of vapours around

the sun, which are cooler than the stm's m:iSH.

If any bright lines should Ix' made out they would

indicate the presence of vap)Ui*s hotter than the

genenil mits.s. And lastly, many vajxMir.i may e.vist

of who.se prestmce we can obtain no sjiectroscopic

evidence, simply Ijeoiuse they are at the same

UMupeniture a-s the general mass of the sun.

Studying the dark lines in this way, it has been

found that hydrogen, sixlium, Ijjirium, magne.sium,

calcium, aluminium, iron, manganese, chromium,

coltalt, nickel, zinc, copper, titanium, and other

elements, exist in the sun's atmosphere, and are

nearly always cooler than th<' sun's surface. Occa-

sionally the lines of hydrogen are seen bright when
cei-tiin pai-tsof the sun are examined, showing that

at such times the hydrogen there is hotter than the

surfaee luiderneath it. Again, it has lately Ix^-en

found that the bright lines of oxygen, and probably

those of nitrogen, are present in the .solar spectnnn.

This di.scovery, which is due to Dr. Henry Draixjr,

of New York, .shows that oxygen, and j)robably

nitrogen, are present in the sun's atmosphere, but

are hotter than the glowing surface abo\e which

they are situate.

The sjune methoil which has thus shown tiie sun

to contiin many elements familiar to us on earth,

and pro])ably to contiin many othei-s of our ele-

ments, has taught us something also of the matter

iniderlying the general surface of the sun. For

when the light from sun-sjK)ts has been examined,

it hiis been found that the dark lines belonging to

some elements are broader and darker than in the

spectrum obtained from the siui's surface as a

whole. This shows that at the sjtots, which, a-s we

have seen are regions de]»ressed below the genenil

surface, the vai)Oui-s of thost^ element,s are denser

and, at the same time, probably cooler than else,

where. In other wonls, the darkne.ss of spots is

due to the existence of large quantities of relatively

cool vap>ui-s in the.se gi-eafe Ciivities or depressions.

So also the; facuhe are found to give a sjiectrnm

somewhat different from the general solar si)ectnini.

Not unfrequently the lines of hydrogen ai-e bright

in the spectrum of a facula, .showing the presence

of hvdrogen more int«'nsely heat^nl there than over

other pai-ts of the sun's surface.

Si)eaking genenilly, however, spectroscopic ana-

lysis gives very little infonnation alwut pai-ts of

the sun Ix-low the visible surfjiee or photosphere.

The cjvse is very different with jwirts of the sun

outside that visible surface. We have already .se<'n

what spectroscopic analysis tells us about the .solar
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atmosjijiere, wlaicli is of course outside the surface

we see. We have now to consider parts of the

sun lying outside that complex atmosphere, formed

of the vapours of elements Avhich, like iron, cop^^er,

zinc, itc, we only see on the earth in the solid form

unless we subject them to the intense heat ob-

tained in large furnaces.

It so happens that the disc of the moon is of

about the same apparent size as that of the sun.

Both discs vary according to the varying distances

of the two bodies. The average lunar disc is rather

less than the average disc of the sun. But when

the moon is at her nearest she looks larger than the

sun even at his nearest, and considerably larger

than the sun when he is farthest from the earth.

We shall have elsewhere to consider how eclipses

of the sun are brought about. Let it suffice here

to note that whereas usually, when new, the moon
passes above or below the sun, she sometimes passes

athwart his disc. If, when this happens, the moon

is near enough to us, her disc will entirely hide the

sun's face for a short time (not exceeding seven

minutes under any cii-ciirastances). Thus, for a

while we see the regions outside the sun's globe

without being dazzled by his OAvn splendour.

Moreover, our own air towai-ds the sun's place in

the sky is for a while in darkness. We can then tell

whether close by the sun any matter exists which

is usually veiled from view both by his own light

and that of the sunlit air.

The first and most striking circumstance noted

on such occasions is the existence of a glory of

light all round the sun, or rather round the black

disc of the moon. But ordinary vision discovered

nothing worth noting about this glory until long

after the telescope had been applied to examine

details round the eclipsed sun. So we may con-

sider here what the telescope has shown, without

passing from the actual order of discovery, and with

the advantage of considering the parts of the sun

outside his globe in the oi-der of distance from his

sm-face.

First, then, the telescope showed quite close to

the black body of the moon a number of red

objects, such as are shown at A, B, c, D, in Fig. 2.

They are compai*ed by .some who saw them in 1842

to garnets round a brooch of jet. They were then

called the red prominences, and have since retained

the name, though they are known now not to be

real prominences. Where, as at a and b in Fig. 2, a

long low-lying ridge of this ruddy matter was seen, it

was called the sierra, a name still frequently used.

But unfortunately some one invented for the ruddy

Fi:?. 2.— Showing the re 1

Flames A, B, c, d, seeurouud
the Sun when he is totally

eclipsed, and the shallow
red liayer o, h, called tLe
Sierra.

low-lymg envelope the name chromosphere, intended

to mean colour-sphere (which would be chromato-

sjJiere), and it seems likely that this name will

remain as a monument of

the classical knowledge of

English asti'onomers. It is

in reality, as 2'he Times has

pointed out, as incorrect as

pJtofiraph would be for

photo'jraph; yet it is now so

commonly used, especially

amongforeignandAmerican

astronomers (humouring, as

it were, the joke against

their Bi'itish brethren), that

ii should be known to the

learnei". However, sierra is at once a more correct

and a more effective name.

At first the.se red objects were thought by some

to belong to the moon. But De la Rue and Secchi,

by taking photograpliic views of the total eclipse

of June, 1860, at different stations, each taking

several views, .showed that the prominences belong

to the sun, for it was found that the moon moved

athwart them, and along perceptibly different paths,

as photogi-aphed from the two stations. Thus it

was shown that there are masses of ruddy matter

at different parts of the su-n's surface, extending

sometimes to heights of 70, 80, and even 100 thou-

sand miles. Dui'ing the same total eclipse it was

discovered that the sierra entirely surrounds the

sun's disc, or in other words, that the sierra matter

entirely enwraps the sun's globe. It had on that

occasion a depth of about 7,000 miles.

Next came the analysis of the coloured pro-

minences by means of the spectroscope. This was

effected dui-ing the total eclijwe of August, 1868.

On that occasion Tennant, Rayet, Janssen, J. Her-

schel the younger, and others, found that the light

of the prominences shows three principal tints, one

orange-yellow, thought at the time to be the sodium

line, and the others red and blue, belonging un-

mistakably to hydrogen. Rayet saw six other lines.

It was thus proved that the prominences consist of

glowing gas, hydrogen being certainly one of the

constituents. We might long have remained in

doubt whether the other chief constituent was

sodium or not, but for an invention devised, or

rather first successfully applied, at this time.

We cannot see the prominences, because of the

strong light of the sun. Even if the sun himself

is concealed from view, the light of the sky—that

is, of our oyn\ aii' strongly illuminated by the sun

—
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entiivly coneeils the prominences. If we nsc

(lukeniuii i^Iassfs .stronj^ eiioiigli to protect the «'ye

from the sohij- ghiix", we olilitenite the pi-ominences

fi-om view. Tlie li^jjht of the sky would be rjuite

stix)ng enougli to hide them under any ciicum-

.stances of onlinaiy vision.

But when we h^arn that the Hjujlit of the inoiiii-

nences coiLsists of certain .si>eci;il tints, whereas we

know that the light of the sun coatains all the

coloui-s of the iiunlto'v, we j)erceive that if we can

oblitenite all the light of the sun or of the sky,

except those si>ecial tints, we shall have enor-

mously i"etlucetl that light, while the light of the

j)rominences will be left just sia strong as before.

So, if we could get colouix'd gl:is.ses which would

allow just the colours we wanted to pa.ss through,

and absorb all others, we might expect to see the

prominences, though of coui-se it might turn out

that the sky-light even of these s{)ecial tints alone

would suffice to veil the prominences from view.

Unfortunately, we cannot, by means of coloured

gliisses, allow separate i-ays to pjias through in this

way. (I say unfortunately, though the pix)blem has

been succes-sfully dealt with in another way, for that

wovdd be far the best way for ordinary observation,

if only it could be managed, as one of these days it

m;iy be.) The spectroscope, however, by actually

carrying the rays of different tints in different

<lii-ection.s, enables us to deal with them effecti%ely.

We can stop ofl' those we do not want, and allow

tho.se only to pass which we do want.

This idea occurred to several before the eclii)se

of August, 1868, though, I believe, the only person

who definitely indicatetl the principle, and .showed

how it might l)e ajiplied to the prominences, wjvs

Dr. Huggiu-s, whose views were published in the

" Monthly Notices of the Astronomical Society" for

February, 1868. As far back ivs 1865 he had

shown how the principle bore on the study of other

objects in the heavens—the so-called nebula? of the

gaseous sort. Be this as it may, immediately after

the eclipse of 1868, Jans.sen, one of the discovei-ers

of the ga.seity of the prominences, apjilied this

method, and was able by means of it to see the

bright lines forming the si)ectrum of the promi-

nences when the sun was shining in full splendour.

Of course he could only see one of the.se lines at a

time, but liy bringing the diflVrt'ut parts of the

s[)ectruin successively into view he saw all these

lines. He communiciited the news of his discovery

by letter to Euroj*, but a day or two Ijefore his

letter arrive-d Mr. Joseph I.iOckyov had seen these

lines by the same motho<l.

It was now possible to tU-termine the exact

position of the prominence bright lines, for they

cjuld be .s<'en in the ssime tieUl of view ai the solar

ilark lines. It was thius found that the lines

ascribed to hydrogen agree |>ei-fectly with the dark

lines of hydrogen in the .solar sin-ctrum. But the

oi"ange-yellow line was fountl not to agi-ee with

any .solar tlark line, though near to the sodium

double line. Thus, it was made certain that the

j)rominences consist in part of glowing hydrogen,

l)ut the other chief constituent was not identitie<l.

It is believed by many that it is an element not

known on the earth, and the name htliuin, to signify

a specially solar element, Invs been given to it.

The new methoil enabled a.stronomers to tell

whei-e prominences existe<l at any moment round the

sun's disc. For, wherever the brighter prominence

lines were seen, there, of coui-se, was a prominence

as high or as broad, acconling to the i)Osition of the

slit, as the lines thiLs seen. But to search for

pi-ominences in thLs way was slow work. Astrono-

mei"s heard gladly, therefore, of the invention by

Huggins of a method by which the whole of a

pi'ominence, even of consiilerable si^e, could be

seen at once. He simply oi>ened the slit of the

sj)ectroscope. This made the sj>ectiaim of the sky

correspondingly brighter, and of coui-se all the dark

lines in it disapi)eared at once, the multitudinous

images of the broad slit overlapping each other,

and the sj)ectrum becoming altogether impure.

But when the spectroscojjic di.sj>ei'siou was great,

the special tints of the prominences still remained

visible on the brighter background of the s|)ectrum

of the sky. And since in the widened .slit the shaj)es

of the prominences were included, these sj)ecial

tints showed— each separately, of coui-se — the

coloured images of the prominences.

This methml at once leil to the most interesting

results. Prominences couKl be watched steadilv

for hours, or even—if large enough to remain so

long visible at the sun's edge—for days. Their

changes, whether slow or rapid, could be followe*!,

and, where ocCiision suggested, the other metho<l,

which shows the bright lines only, could l>e applied

to jwrticular parts of a prominence to a-scerUiin in

what degi-ee, if in any, its chemical structju-e

diH'ered from that ot other parts, or of other

prominences.

It was now found that the sun's coloui*etl promin-

ences undei-go sometimes very rapid and wonderful

changes of 8ha|M;. Here, for instance (Figs. 3 and

4), are two views of the .same pivminence as s«"eu

by Z illner, the second view Ix'ing drawn an hour
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later than the first. Remembering that the promi-

nence was some 45,000 miles in height at first, it

will be seen how rapid must have been the change

observing the enormous protuberance-cloud pictured

in Fig. 5. It was about 100,000 miles long by
about 54:,000 in height. He was called away for

Fig 3.—A Promiuence seen by Zolluer ou August 29, 1869, at 10. iO

Fis. 4.—The same Prominence as seen an Hour later.

which in an hour could so gi'eatly affect the

appearance of this vast volume of flame. The most

remarkable observation ever made by this method

Fig. S.—The same Region at 12.55.

nearly half an hour ; when he returned he

found to his sui-pi'ise that " the whole thing

Fig. 7.—The same Region at 1.40.

had been litei-ally blown to shreds by some in-

conceivable uprush from beneath." The appearance

Fig. 5.

—

A Prominence Cloud seen by Prof. Tuuug,
ou Sept. 7. 1871, at 12.30.

however, is that illustrated by Figs. 5, 6, 7, and 8.

On Sept. 7, 1871, Professor Young—then of Dart-

mouth College, now of Princeton, New Jersey—was

Fig. 8.—The same Region at 1.55.

was at this time that shown in Fig. 6. He traced

these shreds moving upwards tiU they had reached
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u lifight of at least 200,0(m) milfs, at wliicli iiiimciisc

altitiule tht'V (U.sHpjH-uivtl. Tlie substMjuent changes

are sliowii in Figs. 7 ami S.

The prominences utv seen inditferently round all

parts of the sun's disc, very large oik»s having U-en

seen over the ])olar and e^juatorial n-gions. Vet it

is noteworthy that the prominences over the sjiot^

zones ai-e diflVn-ent in chanieter from othei-s. In

these zones only are such prominences ever seen as

aj-e shown in Figs. 4-8. The large prominences

seen el-sewheiv are always cloudlike, never of the

eruptive soi-t.

It seems also, from observations made by the late

Father Seothi, that as the solar spot i)erioil pro-

gi-psses. the chai-acter of the prominences changes.

When there are many sjKJts, large prominences are

fi-equent ; when thei-e are few s[)ots or none, krge

iK'en variously described by diffei"ent ol)servers,

even of the same ecli|>.se. Probably it depends in

Fig. y.— The Ecljpse of 1542.

prominences are seldom seen, and eniptive promi-

nences of the larger sort are then not seen at all.

Some change takes place in the sun's condition

—

though as yet we do not know what the exact

nattire of the change may be—which, while causing

spots to be either more or less numerous on the

sun's sin-face, causes also the coloured flames to

leap higher aV)Ove that sui-face, or to sink lower,

respectively.

Outside the prominences, a solar appendage far

larger in extent can be seen during total eclij)se

—

the so-CJilled corona. Three views of this object

a-s it has been .seen at different times, are given in

Figs. 9, 10, and 11. Tliey are not arranged in onler

of date, but in order of complexity of structure.

The brightness of the corona is considerable close

to the eilge of the m«X)n, biit gi-adually iH'comes

less and le.ss outwards, until the light is lost in the

sombi-e backgroMinl of tlie skv. The colour has

59

i'ij,' 10.—The Ecliiwe of 1860 (Feilitzscli).

pai-t on the state of our own air, through which the

corona is neces-sarily seen.

This remarkable api)endiige was for a long time

a source of perplexity to astronomers. If it leally

belonged to the sun, then, even as shown in the

figures, it would have an extension of at least a

million miles in some directions, and not less than

800,000 miles anywhere. The volume of the region

of space occupieil by the corona would be not less

than thirty times that of the sun, or more than

thirty-seven million times that of the earth. It

was natural that many should prefer the less

startling explanation involved in the theory that

the corona does not belong to the .sun at all, but

is either a phenomenon of oiir own atmospliGt'e, or

FiK'. 11. -The Eclipse of 1858 (Liaid).

else is due to the illumination of some vaporous

matter surrounding the moon.

But it could b<» shown conclusively tliat if tiie ai.
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towards the sun's place in the sky were illuminated

during totality, the ilhxmination, instead of in-

creasing towards the sun, would diminish ; moi-e-

'yver, the corona, if that theoiy were true, should

be always changing, and should be entirely dif-

ferent as seen from different stations. Now, during

the eclipses of 1870 and 1871 the corona was

photographed. In 1870 an excellent jihotogi-aph

was obtained at Xeres, in Spain, by Willard, and

a still better one—in fact one of the finest yet

obtained—by Brothers, of Manchester, at Syracuse.

These agree in such a way as to dispose entirely

of the atmospheric theory, even if it were not

utterly disproved by the way in which the corona's

lustre increases near the siin. During the total

eclipse of 1871 in Southern India, a still more

complete success was achieved by photogi-a pliers.

For at Baicull, near the shore, a series of six fine

photogi-aphs was obtained by Mr. Davis, who su-

perintended the photogi-aphic arrangements of an

expedition sent out by Lord Lindsay, while Colonel

Tennant, stationed on the Neilgherries, at Ootaca-

mund, 10,000 feet above the sea-level, obtained

also six excellent photographs. All six of Davis's

series agreed closely together, though some of course

were better than the i-est, and showed the corona

with a gi-eater extension. All Tennant's views

agi-eed closely together, and, lastly, the -siews of

on 3 set agi'eed closely with the vieAvs of the other

set. No doubt then could any longer i-emain that

the atmospheric theory of the corona is erroneous.

With regard to the lunar theory of the corona,

which, strangely enough, had commended itself to

astronomers so well known as Madlei-, Aiiy, and

John Herschel, the photograpliic evidence of 1871

disposed completely of that theory also. For if the

sun's rays by shining on matter around the moon,

or on one side of the moon's path, produced the

coronal rays, it Ls quite clear that as the eclipsing

moon passed onward the long i-ays would shift

remarkably in position, and all the details of the

corona would change rapidly. The cii'cumstance,

then, that six views taken at different times during

totality agi'eed exactly together, is a fatal objection

to this theory of the corona. The evidence being

given in duplicate on that occasion, was yet further

strengthened.

It remains, then, that the corona should be recog-

nised as a solar appendage, strange and stupendous

though the thought may seem that an envelope of

such amazing extent should surround the sun at all

times, and yet show no sign of its presence, save

when the sun himself is hidden from our \iew.

The light of the corona has been examined with

the spectroscope. The spectrum seen is twofold,

if not threefold.

First, there is a spectrum indicating gaseity, a

portion of the corona's light giA'ing simply a gi-een

Ime. The position of this line has been very care-

fully noted. It was at first thought to agi-ee exactly

Avith one of the lines of iron, but recently it has

been sho-\vn that the iron line is in a slightly dif-

ferent position. At present, no terrestrial element

is known whose spectrum has a bright line agreeing

exactly in position yviih the green coi'onal line. It

may be well to mention that the line is generally

called " 1474: Kirchhofi"," because it agrees with

the part of Kirchhofi"s spectral scale which is thus

numbered. This gaseityseems limited to the brighter

part of the corona, called sometimes the inner corona,

and extending on the average about 300,000 miles

from the sun's siu-face.

Secondly, the corona seems to shine in part with

light, iiidicating glowing solid or liquid matter.

For sevei"al observers assert confidently that the

corona has a perfectly continuous rainlx>w-tinted

spectrum, when examined under such conditions

that dark lines, if any exist, should be seen. It

might well be that parts of the coi'ona nearest the

sun may consist of meteoric and cometic matter,

which the sun's intense heat causes to glow with

inherent lustre.

But thirdly, as other observers have recognised

the solar dark lines in the spectiiun of the corona,

it seems to foUow that other parts of the corona,

or even these same parts in some degree, shine by

reflecting sunlight.

It should be added that during the eclipse of

July 29, 1878, Edison, the celebrated American

electrician, succeeded in obtaining clear evidence

of the emission of heat by the corona. A very deli-

cate heat-measurer of his in\ention, called the tasi-

meter, was brought into action on that occasion

;

and though Edison was not able to measure the

heat of the corona, he obtained unmistakable eW-

dence of its existence. Indeed, he was only pre-

vented from measuring that heat by its being so

much greater than he expected. The index which

was to show, by pointing to some part of a scale,

the exact amount of heat received from the corona,

went off the scale altogether so soon as the corona's

heat fell on the tasimeter. Before the index could

be brought back again to the scale, the sun had

I'eappeared.

Dui-ing the same eclipse it was shown that the

corona ordinaiily seen is in reality but a small part
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of tlio ival system of iiin>emliiges existing outside

tlu" sun. For V)y olwtTvini; tlie ec"lii»se from stations

high iil>ove the swi-K'vel, Profe.s.sor Ch-vehuul AMx*,

of Wiuihiiigton, was ahle to trace the coi-onul

sti-eamei-s to a distance of ten win-hreiultlis, or at

least '),00(l,U(tO miles fix)m the sun ; while Pi-o-

fi-ssoi-s Newcoml>, of ^^'!tshington, anil l-mgley,

of I'ittsburg, tracetl the coronal lumiiiosity along

the zwliacal i"egion, to a distance fully twice as

givat.

Tliere can now be no tloubt that the light called

the zotliacal, which is seiMi in autumn mornings and

spruig evenings near the sun's place below the

horizon, growing brighter towards liini, is the

outer jwrt of the appendiige whose brighter core

Newcomb and Langley traced to a distance of

10,000,000 miles on that occasion. But the zoili-

aad has been traceil to a distance of 1)0,000,000

miles from the sun, and probably in reality has a

far gi-eater extension.

Thus, the various solar appendages have been

tniced outwanls from his surface, through his lower

complex atmosphere fii"st, then to the sieira, then to

the prominence region, then to the brighter corona,

to its fainter outer i)ortions, to its far-extending

streamers, onwards into the core of the zodiacal,

and thence into regions of sun-suirounding space

whose real extension is unknown, but may jxissibly

have no limits within the orbit of the remotest

planet, Neptune.

To sura up :—We find in the sun—regardetl as

tii-e, light, and life of the solar .system—an orb

glowing with 140 times tin- intrinsic lustre of the

lime-light, and emitting in every second of time as

much heut as would ivsult from the burning of

Il,7r)0 millions of millions of tons of coal. This

viust lieiT ma.ss Is 8uri-ounde<l by vajHmin, among
which we can recognise, by means of the siK-ctro-

scojM', many of our familiar elements. Such <-lemen(8

as iron, copjM'r, and zinc exist, then, in the form of

vajwur in the solar atmosphere
;
yet, intensely hot

though wc know they must Ik-, they are cooler than

the sui-face al>ove which they lie, since their presence

is made known by their dark lines in the s|»ectnim.

Some other elements, including oxygen and nitrogen,

seem to be so heated as either to show bright lines,

or to show no signs of their presence, because neither

much cooler nor much hotter than the general sur-

face of the sun. Studying the sun's surroundings,

we find his complex atmo.sphere to be some 300 or

400 miles deep, the sien-a from 6,000 to 10,000

miles deep, the prominence region alx)ut 100,000

miles deep, though occasional outbursts to twice that

height have been observed. The inner corona seems

to be some 300,000 miles, the outer about t*00,000

miles, in height, measured from the sun's sui-face.

Lastly, there are coronal streamei-s which have been

ti-acetl to a distance of 5,000,000 miles, but may in

reality extend much further ; while the zodiacal,

traced in eclip.se to a distance of 10,000,000 miles,

and during morning and evening twilight to nine

times that distance, occupies in reality, most pro-

bably, a region co-extensive with the solar .system

it.self.

A FISH IX THE WATER.
By W. a. Llovi).

IN the coui"se of a former pajjer on the saltne.ss of

the s<?a (p. 25), I have several times mentioned

vegetation. If we expose water to light, in any of

the four gla.ss ves.sels referrefl to in that pap«'r, so

that it receives continuous daylight, free from hot

sunlight, some kind of jilant-life will come—not

with aljsolute spontiineity, as that Ls impossible,

becatise sonwthinr/ never comes from nothimj. But

the germs of vegetation are everv'where, and need

oidy water and light to co-exist in or ujwn a

suitable place for them to grow, lioth abundantly

and apjMirently. But they are individually veiy

small—microscojdc, indeed—consisting sometimes

of a j)air of minute valves, sometimes of threads,

variously twisted, and so forth. But they arc

visible to the unassisted naketl eye by their vast

aggregation, and they grow with very gi-eat rapidity

when the conditions of gi-owth are present. I have

never been able, as I have siiid In-fore, to mix any

.sea or fresh water together in any pi-ojKntion,

without getting vegetiition on exi>osure to light at

any temj>erature above fi-eezing—or say, witliiii the

degrees of from 40 to 90 ' Fahr. For exarajde, we

allowed the sea-water (Fig. 5, p. 33) to evajMjrate,

and did .so i)urposely, removing the cork so that

its fresh water might escajK* in jwrt, and leave the

remaining .solution somewhat stronger than as it is

found in British seas. For this purjK)st', I j>laced
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it a few feet fi'Oin a window in summer, having a

western aspect, so that I might watch the water

decrease to a ceilain mai'k I affixed to the tube.

And while I tlius watched the water sink aliout a

quarter of an inch or so, as it did in a week, little

patches of green were noticed forming, and grow-

ing on its sides, and on magnifying these about 200

diameters—which is, of course, 200 x 200 = 40,000

areas, or times—the green was found to be composed

of millions of minute plants, and with them were

associated millions of minute animals. In fact, the

tiibe had been iii a week convei'ted into a little aqua-

rium of a pei'fectly self-sustaining kind. That is to

say, germs of plants previously existed in the water,

and exposure to daylight stimulated them to visible

multiplication. Contemporaneously with the in-

crease of the plants, came increase of animals, also

from germs in the water. And, as far as experience

goes, germs of both plants and animals of these

minute kinds exist everywhere—in the air, as well

as in water—and are only waiting for the requisite

conditions to be bi'ought about to gi'ow, and mid-

tiply, and become seen. However, as the plants

gi'ow, they requii-e food—carbonaceous food, they

and all other vegetati< u being chiefly formed of

carbon—and this food they obtain partly from the

carbonic-acid gas found in the atmosjjhere in contact

with the water, and partly, and more directly, from

the carbonic-acid gas evolved from the minute

creatures in the water, associated and in contact

with the minute plants. Then, similarly, these

minute aquatic creatures require food, and this they

obtain, partly from feeding on each other, and

partly, and in a lesser degree, from eating the

minute plants in the tube with them. Further, as

they feed, they give out carbonic-acid gas, as already

stated ; and if allowed to accumulate in the water,

this gas would quickly kill them by poisoning. But

it is not suffered to remain, as the vegetation takes

lip the carbon of it, and sets free the oxygen gas,

the other ingredient of which carbonic-acid gas con-

sists. This oxygen is the very tiling requii-ed by

the animals to enable them to assimilate their food

and to keej) them and their water in wliich they

live in a healthy condition—the water being merely

an indestructible compound or medium in which all

this takes place. In this manner is kept up, in a

wonderful manner, a balance of existence ; and I

have chosen to show it in this manner, on so small

a scale, because it actually occurred quite recently

in the very tube figured on p. 33. This, however,

requires to be explained—namely, the circumstances

governing tliis minute aquarium were (to use a form

of words which is convenient, rather than strictly

correct) self-selected. That is to say, I did not

knowingly introduce any plants or animals. They

came by what we call chance. But we only say
' they chanced to appear because we do not know,

and can never probably tell, the complex influences

governing them. In this small glass tube, certain

vegetable and animal organisms appeared and dis-

appeared again and again, in obedience to some

mysterious law, or sets of laws, which we can only

guess at as, remotely, being results of light, tem-

perature, alternations of day and night, varying

amounts of substances in solution, and so on. But

the organisations come and go, and certainly not

adventitiously. If we were to introduce intention-

aUy some living organisation into the tube (Fig. -5,

p. 33), we should at once disturb the interchange

going on between those already in it, and new ar-

rangements and changes would be set up, leaviiig

ultimate influences which we could not calculate

upon befoi-ehand. The quantity of water seen re]ire-

sented in Fig. 5, p. 33, is a little over 1,000 grains

weight, there being 43 7 "O grains to one ounce of

sixteen ounces to a pound weight, which latter, there-

fore, contains 7,000 grains. But 1,000 grains is a

quantity of water inconveniently large for my space,

and is needless ; so I use 2-50 grains weight of

water, in tubes which are thei'efore smaller than

Fig. 5, p. 33. These tubes are of hard German glass,

in which water can be safely boiled, and being-

very thin, anjiihing adhering to their sides inte-

riorly can be examined with a Coddington lens,

which gives a tolerably high magnifying power.

I have many dozens of such tubes under experiment

on a table close to a window with a northern

aspect, where the temperature is always between

60° and 70° Fain-, at all seasons, and where the

daylight is very equable, with scarcely any sun.

The tubes are arranged in small open wooden stands

of six each, and this enables them to be shifted

about to various parts of tlie table, to obtain a

gi-eater uniformity of exposure to light than if each

were fixed in one spot immovably. What I do

with these tubes is this :—In some I place sea-water

of the full British specific gravity, ranging from

r027 to r030. In others I put sea-water mixed

with fresh water, indicating specific gi-avities from

1-003 to 1-020. Some contain sea-water highly con-

centrated by boiling. There are three or four tubes

belonging to the same denomination, always. Each

tube is closed at its mouth with a tight plug of

new white cotton-wool, previously well baked to

destroy anj^ organic gern\s it may contain, and is
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tln'ii Hrmly tied over witli compact wliitf pa[H'r, ami

laUelleil with a number in two places, the number

corre.siK)ntUng with a description of the contents of

the tube in u book. The cotton-wool \tUv^, beinj,'

j>or()US, perjuits of a restricted cont^ict with tlie

oxU-rnal air, in a manner mon' accunite than a tx)rk

wouhl do, and yet evaiwi-ation is almost entirely

hiiideiXHl. Ill adl t\\\>on which liave not l>een

Ixtih'd, vegetabh' and animal life in abun(hince

have (juickly formed, no matter what the s|>ecitic

gmvity may be. In those which have been lx)iled,

ami iiave been allowed to get cold, and then ten

gr.iins weight of any unboiled water, sea-water or

fresh water, have been adiled (of coui-se befoie the

cotton-wool i>lng has been in.serted), vegetjible and

animal life have al.so apjKiiii-ed. But, in every ause.

without any i-egard to the amount of .solids di.ssolved

in the water, when the boiling hius Uiken i)lace after

the insertion of the plug, so that the steam tii-st

drives out through the plug the air which is between

the surface of the water and the plug, and when

the steam comes fi-eely through the wool, and when
the tube is tied over witii pajtor, then I have never

found any plants or animals appear on any exposm-e,

Ijecjiuse, though there is a cei-tiiin amount of contact

of air with water, no air can gain ingi-ess save what

is filtered tlu"ough the tightly-coinpre.ssed ma.ss of

wool. But, if the wool be withdrawn for an hour,

jiikI then replace<l, that free contact of water and air

of sixty minutes' duration hius sufficed to convey

germs to the water, and plants and animals make
their apjM^ai-ance in a few days aft<'rwards, the tube

being thus converted into a small aquarium. I

have distilletl water directly into a tube from the

orifice of a ghuss retort, without allowing it to go

fii-st into another vessel; and though it was plugged

immediately the '2^)(f grains were passed over, yet

the water had cooled sufhciently not to kill some

germs which it must have received from the atmo-

sphere in dropping through it, and in being exposed

to it; for in this case, too, jdants and animals

appeared in due coui-se, as they did not when the

water thus <listille(l wius kept, by a ga.s flame out-

•side the tube, at a tenii)eraturc of 200" Fahr. during

the i>rocess of distillation, and while being plugged

and tied. But here, again, in this ca.s<^ iis in othei-s,

vegetiible antl animal life apj>eared on the tul)e l)eing

temiMirarily luiplugged. Trecisely the .same results

were attained with sea-water—not jjrocured from

the ocean, but compoumled far away from it, both

with distilled wat+M", and ordinary Ix^ndon and

I>iniiinj,'liam river or well water. Indeed, my con-

viction lus to the u.sc of sea-water for aquaria far from

the sea, incifasis in the direction of U-ing siu"** that

the conveyance of it J'tir inland from tlie CMut is u

mere waste of money, lioughly stited, one gallon

of the strong«*.st British sea-water which can Ihj

obtiiined, weighs lOll). tJoz., out of which ooz. are

common table-.S4ilt (chloride of Ko«lium^, an<l the

other ounce is made up of salts easily purehasable

aiul inex|M'nsive, and all cam l^t dissolved, some with

nither greater difheulty than others, in all onlinary

flesh wati-r. Consequently, wln-n sea-water itx>u\ tin;

sea can be had at a j)rice le.ss than the cost of the

101b. of fi-esh or n«'arly fitnjh water, added to the

cost of the (Joz. of salts, there can ]>e no nee<l to

miuiufacture sea-water. But, when the contniiy is

the aise, there can Ije no necessity to incur the ex-

l)en.se of conveying water from the sea, at a cost, ac-

conling to distance, varying from twice to ten times

the expen.se of manufacturing it. And there may
be pliices at sucii a distance from the co;ist where

the water got from the sea, and that which is

comj>ounded, may be exactly equal in cost, while

they are equal in their value for aquaria. But we
must not reject artificial sea-water (so-csilletl, and a

little vaguely so called)—though all sea-water was

gi"adually compounded in coui"se of time by the

wa.shings-out of the land, and chiefly rocks of the

land—from any prejudice, but only from a re((«on-

inij examination of it, seeing that it can be mixi>d

with great accuracy, and that plants and animals

will gi-ow in it. In fiict, as it cannot be too

repeatedly .siiid, 1 have never been able to make
any mixture of sea and fresh water, whether dipi>ed

from the ocean or mixed inland—or whether the

fresh be taken from any natural .source, or distilled

—in which both plants and animals will not aj^tear

(piiusi-.spontaneously. Consecpiently, in the large

iujuarium arninged under my care near Birming-

ham, its 200,000 gallons of sea-water are prepariil

on the sjwt, and therefore not brought from the sea

at all.

I have thus shown that we are sure to get vege-

t:itiou in water which is exjxjsed to air and light

at all ordinary temjx»ratures. The tendency of

vegetivtion to appear Is veiy extnioixlinary ; and so

common and nnivei-sal is jtlant-life everj'where that

we are apt to overlook and disregai'd it But the

necessity for it is obvious when we rememlx'r that,

if it were not for its pixnligiously lai'ge existence, no

animal could live. In the absence of vegetation,

or of enough of it, carV)onic-acid gas woidd .so

accumulate in our atmosphere l»eyond the small

quantity which is n«'ede<l in it (which is alwuit 1

part in 2,."i(M) p.iit.^), that all animals, man in(lMde<l,
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"would speedily die of suffocation. Hence, plants

are evei* taking up and fixing the carbon out of the

carbonic-acid gas which all creatures exliale, building

it up harmlessly in the plants, and lettiiig the

beneficial oxygen go, to be again used by the crea-

tures to decarbonise their blood, or other vital

fluids. This, therefore, is why plant-life grows

exerywhere—not only as great trees, and other

lligh-glo^^•ing forms of plants, but as grass, and as

such lowly-oi-ganised vegetation as mosses, and

lichens, and algaj—the latter inhabiting sea and

fresh watei-s. And of all the plant-life gi'own upon

the siirface of our globe, and beneath the surface of

its watei-s, the quantity planted by the hand of man
is so extremely small in comparison with what

ajipears by what we term chance, or fortuity, that

no figures can express the minuteness of the pro-

portion. In fresh water as it exists in rivers and

lakes, no forms are ever manually planted, or almost

none. In a few ornamental ponds a few such

forms as lilies are occasionally grown and tended,

but in the "great and wide sea," absolutely all

grow spontaneously. And in all cases, the carbon

which mainly goes to build them up, is primarily

obtained from animals, by theii- breathing. All

wood was got, in great part, in' this manner. I

will confine myself to the railway which ])asses the

house where I am writing this, aiid will vainly try

to imagine what must have been the enormous

number of animals whose exhaled breath was con-

verted into the massive, thick timber planks, or

I'ather blocks, termed " sleepers," which tnuisversely

support the ii'on rails at short intervals. More than

that, even the fuel which fused the ii'on which made
the rails was once timber, converted into coal or

coke ; and it, again, was once carbon obtained from

the sent-out breathing of animals. And here comes

a train of carriages swiftly borne along these rails.

All the wood in those carriages was gi'own from

the same soiu'ce. All the metal in them was

smelted and wi-ought by burning fuel obtained from

the same soui'ce. More than that—the very j)ower

which moves the train along was mainly obtained

from the same source. That is to say, the fuel

which is being burnt in the furnace of the loco-

motive engine, which boils the water, which raises

the steam, which presses the piston backwards and

forwards in the cylinders, was once wood, and that

wood was derived from the breathing of animals.

But this very curious persistence of gro\\i;h

which vegetation has, shows itself in aquaria in a

very inconvenient mamier sometimes. Thus, if a

vessel of water, more especially sea-water^ be exjwsed

to a strong light, accompanied by a somevrhat high

temperature, for a considerable period, seedrs or

spores will appear in the water to such an enormous

extent that they will make it tui-bid, and finally

densely opaque. These spores are only about 2-000*^^

of an inch in diameter, and are locomotive ; hence

they distribute themselves all through the fluid. I

have kno^^^l water made so densely gi-eenish-brown

by these organisms that I have not been able to

read large print through two inches of it. The

best and only known way to avoid this, Ls by re-

versing mattei-s—that is, by placing such water in

dai'kness. This would be inconvenient—such

darkening of an entire aquarium—and therefore «

part of the water is allowed to be in the dark, as

shown in this ideal vertical section (Fig. 1). Then, a.

Fig. 1.—Ideal Vertical Section of an Aquarium.

circulation is set up between the light and the dark

portions. A is the light portion of the system, B is

the dark part. Between these two, water circulates

through the pipes c and d, and e is a Y>iY)e furnish-

ing distilled water obtained in any convenient

maimer. B is here shoAvn below the gi'ound, but it

may be in any other p]a?e so long as the two

essential conditions of darkness and coolness are

complied with. The arrows show the direction of

flow. This plan of arranging aquaria, Avhether sea

or fresh-water, is the best known one, because it

mo.st nearly represents what is everywhere done by
Nature. The gi*eater part of all water on the face

of our globe is in utter darkness, and thereby the

excessive dissemination of algJB s^iores which I hav<?
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^xplainoil, Ls prevfUU'tl. Ami tin.- j,'rraU'r |>iut uf

all waUT in a stato of luititn- is kf|>t cool l>y bt'iiig

kept out of tlu' iHrt'ct inriiu'uci' t»f the kuu. So, in

like iiuuuter, the aiuinols intenUetl to live in hucIi

watrr aro ailai'ted for a tomiK'niturc whiili, in teui-

l>t'rat»' countiifs likt- lirituin, ih not so liij^li as tho

niaxiniuni tt.'iniK-mturi' of its air. nor so low a.s it,s

niininiuni. Ilencv, in IWitain, tlu' Ik-sI ti-nij^'i-ature

for water in aquai-ia is altout GO" Fulir., and tliiM

dei^rtt; may W i-asily ntiiintainttl in the hottest

summer and in the coldest winter of our country,

by care in the selection of tlie situiition of n. And
the larger B is made in relation to tin- size of A, the

more equaVde will be the temiH-niture of the wljole,

and the ijuicker will W the dtvomitosition of d«'cay-

ing organic mattei-s given otl" from the animals liy

being i-esolved int«j their primary and hannless con-

stituents. B should l>e from 3 to 5 times as great

as A, but if fi-om G to 10 times, so much the better.

Ind»'ed. it cannot be to<i large. Tlie amount of

distille<I water adnutte<l at E must be regu-

lated by circumstances, rememW-ring that in ,^.

diT air, at a teiiipei-atui-e of GU Fahr.,
""

evai>oration takes place at the mte of alx)ut

2 to 3 grains' weight of water for every sjiace

of G square inches of surface every day of 24

houi-s; this Wing incre:used when the suiface

is extendetl by motion, a.s in such an aquarium

as this repi*esents. And such motion, and

such extension of suiface, signify ijicrciise of

oxygenation in i)roi>ortion ; and oxygenation means

the burning up, or consuming, or getting rid, as

quickly as they form, of all decaying organic

water in Fig. 1, it l»eing on too small a scale; but

Fig. 2 gives a vertical section of the form of a punq>

which 1 have foumi the U*st one, and, indt-ed, the

only gootl one. It is known as Furbes's put«ut, and

Fi>r. 2.—Forbe«"» Vulcanite Puniii for the Circulation o( Wutcr.
(Ont-tenth actual Site.)

matters, which, not so consumeil, would iKji.son all

creatures brouglit within its influence.*

I have not shown any means of circulating the

* Tliis burning at a low t«m]ieraturc woa culled by Baron
Livbig " creinacaujds."

Fii;. 3.—Stoneware Water Beservoir. (One-tenCh actual Siit.)

consists of two rollei-s, each with four projections

accurately fitting into the op^wsite hollows of its

neighbour, and the water is rolled throiajh these,

so to speak. This is a very simple aniingement,

working with but small friction and wear, and at

a motlerate s[)eed. The motive jx)wer may Ik- hand,

or steam, or water, or giis, ifcc. Or wind-power

may be employed very economicjilly ; only, in such

cases, another and iq>per resen'oir is needetl in

addition to B, so as to be usetl when there is no

wind to drive the ))ump. It would >)e ea.sy to con-

trive an automatic valve which shall oin-n without

manual attendance when the pump ceases working.

All such pumi>s, pij^es, Jcc, shouhi Ikj made, whe-

ther for marine or fresh-water a<iuaria, in vidcanit*}

or ebonite, or hard indiarubl)er, to avoid the mis-

chievous oxidation of all <jnlinary metals, jls iron,

bniss, tin, UmkI, «tc. In smaller a^iuarhi, such as are

usetl in private houses, where it Ls not desiitnl to

have any contrivance of punqts, l>ilM*8, ic, a

re8er\'oir of stoneware may 1^ n.se«l ; and one

(Fig. 3) is here engraved, pi-ovidtnl with a stojv

c<x*k of the Hjime material. Wlien such a vessel

of ."iO gallons is u.sed to occasionally n.-fii'sh an
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aquarium of 12 gallons, its value is very great,

esi)ecially iii hot weather, when the reservoir may
be kept in a cool cellar. To use it, draw from it, say

once daily, about three or four or more gallons, into

an earthenwai'e jug. Syphon as mxich from, the tank,

and then exchange the two waters. In this manner

—at any distance fi-om the sea, if the aquarium

from the sea, or fiom fresh-water sources, con-

tinually. At the aquaria of Brighton and Scar-

borough there is no such circulatory arrangement

as in Fig. 1, but the water is very imperfectly

aerated by a current of air-bubbles driven by a

machine from a tube opening at the base of each

tank. The incomplete and too slow oxygenation of

Fig. 4.

—

The First Known Flat-sided Aquarium. (One-fifth actual Size.)

is marine, and at any distance from anj' supjiosed

want of a supply of sufficiently good ordinary water,

if the aquarium be fresh-water—a constant cvuTent

may be obtained, day and night. Indeed, all the

best large public marine aquaria, even at the

borders of the sea, are those where the watei- is

never changed, but ever cu'culated after the man-

ner shown in Fig. 1, as it is found that water

which has been once made clear and good, and

maintained in a respiratoiy state for the animals,

is better and clearer than any water newly pumped

decaying organic matter which this mode results in,

necessitates the water being changed occasionally,

and this, and other labour incurred in the manual

cleansing which such a mode implies, causes it to

be a very wasteful and unscientific plan.

The annexed wood-cut (Fig. 4) shows, from ths

original block, a figure of the first known aqua-

rium with flat sides. It was constructed in the

spring of 1849, for its proprietor, Mr. Eobei-t War-

ington, an eminent chemi.st who lived in Apothe-

caries' Hall, London, and who kept it there, with
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uncliangi'(lwiiUr,froui the jHTioil iibovc nauuMltillliis

deuth.in 1867. It had a slate base, slate ends, and two

opiwsito sides of plate gla.s.s. It meixstuvd, interiorly,

24 inches long, and 18 inclics broiul. The water-

space was 12 inches high, and the contents here

shown were all caivfuUy dmwn to .scide. A fresh-

water aquarium is represented, but the same pro-

portions of plant.s anil animals would stiit a marine

one. Tlie vegetation shown inunei-setl in tlie water

is chiefly Valisiieria, with long, stniiv-like leaves,

and there is one plant of Aiuiduiri-n {Elotlea, Vol.

I., p. 300). None of these were rejdly wantetl,

however, Ijecause, on ex^josure to light, sufficient

of the lower forms of vegetation, as Conferva,

«tc., would have grown quasi-siXHitaneously, as

explained. Had it lx>en a marine aquarium, doubt-

le&s, in less scnipulous hands than Warington's,

a gooilly number of the higher sea-water ])lants,

belonging to the green, i-ed, or brown series,

would have been slio"wn growing in the tank, after

the fashion of some so-called "jjopular" books on

the aquarium. Personally, I woidd give very nuich

if I knew how to cultivate at will, as one grows

flowers in a ganlen, any of the higher murine

algie, esi)ecially the beautiful i-ed kinds or Rhodo-

HlH'nns, or even Melanosperms, or the larger Chloro-

Kj)firTng. Occasionally I have gi-own one or two, at

rare intervals, never by skill, but always by chance
;

and as I have never known ic/i// I so grew them, I

havf never been able to rei)eat the success intelli-

gently. In Warington's picture several plants, l)eing

moisture-loving ferns, are shown growing on the

rock-work in air, above the water. These fomis of

vegetation, however, have no direct influence on

the maintenance of the water l>elow in a respirable

condition for animals which take their oxygen fiom

what is contained dis.solvetl in that water. And
this biings me to an inqwrtant point—namely, the

introduction, according to a too frequent practice

in recent j)erio<ls, of animals breathing air by lungs,

i-to aquaria. Such animals, like all othei-s, cer-

tainly demand the influence of plants in decarbon-

ising the air which they have respiretl, but tliey do

not, .save in a veiy remote degi-ee, which cannot in

any aquarium l)e taken into account, need to have

any wat^r in which they move or swim, at-mted for

their brfatliiug of it, because they do not breathe it

:

they breatlie atmospheric air. Tlieir Ivings consist

of a ma.ss of little cavities which air enters, whereas

gills consiat of filaments which aenited watci-

nurroundit. When Milton savs of a whale that it—

60

'• \i his gilLs takfs in,

.\n<l Ht his trunk kts out, a Sea,"

he makes four mistakes, in spite of the beatity of

his language: (l)in saying that the animal has

gills, whereas it has linigs; (2) that it takes in

water, other than in the fomi of acpieous va|)Our,

which is not the spirit of the description
; (3) that

the whale ejects water by " sjMjuting," as descriljed

and usually shown in pictures ; what the creature

really does is, by the force of its expinition, to

drive iq) into the air whatever water may be

iH'tween its blow-hole and the sui-face of the sea

;

and (4) that such moLstui-e sis the animal takes into

its body is necessarily sea-water.

But, in truth, there is not, and can never l>e, any

complete separation of influences, such is the

wondei-ful inter-dei)endence of all organisms ia

nature. Thus, the tiny moss which so gladdened

the eyes of Mungo Park when depres-sed iix spiiits

and alone, amidst the sands of equatorial Africa,

hundreds of miles from the .sea, was really de-

pendent on that sea ; and the moss, moreover,

contributed its share—minutely, it is tnie, and
in a veiy indirect manner—in maintiiining that

sea in a condition fit for the sustenance of other

beings.

I cannot end this jMiper better than by record-

ing a marvellous instance of the i)ei'sistence of

vegetable life, which hiis come under my own
notice, and the circumstances of which have )>een

brought about by my own hands. On October Gth,

1870, I placed 2,000 grains of clear sea-water in a

glass bottle closed with a groimd-glass stopi>er,

tied over with oiled silk, and then wnipix'd it

in two thicknesses of brown paj^ei-, afterwards

inclosing the whole in a tin case with a cover,

and finally tying up the whole in bro-wn paper,

and labelling it. A week ago—this is wiitten on

September 4, 1878—I uiq)acked the parcel, and

found the water perfectly clear, and free from

smell, and of the same quantity as when I inclosed

it. And, after exposing it for one week in a

window having a northern aspect, an abundance of

microscopic vegetation has already grown on the

base and sides of the bottle. Concurrently with

the plants, have also come swarms of nnci*oscoi)ic

animals. Therefore the germs of these plants and
these animals must have been in the water, in a

stiite of aiTest, for nearly el(jlit i/earti, and they came
into visible existence on being exposetl to liglit for

scarcely ei(//if dni/x. Most assure<Uy, I never inti-o-

duced any germs, intentionally, into the bottle,

for I Wiis too anxious to have so rai-e a chance of

verifying what I believt^l would be the case M^we/t-
caUt/, but wliicli I wished to i>ro\o jn'ncti'caf/i/.
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A MICROSCOPICAL BIOGRAPHY.

By W. Hexky Kestevex.

IF some of the gi-eenisli scum of stagnant water,

taken during the autumn months, be placed

under the microscope, the colour will be found to

be due to the presence of numberless specimens of

a cei'tain animalcule.

This is the Euyleaa viridis, a minute creature,

belonging to the Infusoria, members of the lowest

group of the animal kuagdom. Lender low power,

these animals are seen to consist of cigar-shaped.

Fig. 1.—Eugleua ^iridis. {Magnified. 500 diaineters.)

<,i) Eiiglena as seen when iuo\ing rapidly ; (&) Through-the-Hoop Move-
ment ; (c) State of Rest ; id) Segmentation.

cylindrical masses of greenish jelly, or, more cor-

rectly, " sarcode," one remove from jjrotoplasm, a

substance found alike in plants and animals

(Vol. I., p. 340). Sometimes they appear pei*-

fectly spherical. In the former state they move

rapidly about the field of the microscope, revolving

at right angles to the dii-ection in which they

travel. In the latter, or spherical, condition they

are quite still, and are said to be at rest. In

addition to the above method of locomotion, they

possess another and a more peculiar (Fig. 1).

An individual will pause suddenly in its rapid

whii'ling progi'ess, and Avill apparently attach it-

self by its tail or posterior extremity to the glass.

Making this attachment act as a pivot, it slowly

and gracefully waves I'ound and round, with its

body still elongated. In this state it will remain

for several seconds, and will then either detach

itself suddenly and depart rapidly with its former

motion, or it will gi-adually assume a spherical

form, contracting its front and hinder extremities

towards the middle portion of its body. This

bulges at right angles to its axis till it has assumed

the form of a i^erfect disc. In this shape it slowly

revolves in a hoop-fashion once or twice, sufficiently,

at all events, to make it a matter of doubt as to

which is the anterior and which is the posterior

side of the disc ; it will then slowly elongate itself

again : the eftect of the whole process being to

produce the appearance of making itself into a

hoop and then walking through itself.

Under the higher powers of the microscope these

movements are seen with gi-eater accuracy, and

certain other points in the anatomy of the animal

become manifest. Thus, its front extremity or head

is seen to be rather a complicated organ. It has

one red " eye," or eye-like spot, situated about one-

eighth of its entire length distant from its anterior

extremity. It has also a very curious organ, which

it uses both for locomotive purposes and presumably

for the purpose of collecting or catching its food.

This is a long, thread-like filament. In length, this

filament sometimes equals that of its body. It is

exceedingly fine, and, having a very rajiid move-

ment, is very difficult to see. In fact, except when

the animal is in a partial state of rest, or gently

revolving on its posterior extremity, this oi-gan

cannot be detected. When in the state of complete

rest, it is folded up in such a manner as to render it

invisible. This state of rest seems to be assumed

for two purposes, and imder diffisrent circumstances.

It may be assumed apparently with no other purpose

than that of procuring rest ; for at times, after re-

maining in this condition for an indefinite time, the

animal will slowly revolve and again start on its

peregrinations, generally commencing with the

slower, or throiigh-the-hoo]') method described above,

and then suddenly starting off", much after the

manner of a bullet from a grooved rifle-bari-el.

The state of rest is also assumed for another and

more important purpose. These animals, as they

reach a certain age, somewhat change in appearance.

Instead of being of a uniform brilliant green tint,

the green colouring matter becomes divided, lea^ig

intervening spaces of colourless material. Shortly

after this has taken place, the animal settles down

into a state of rest : that is, it assumes a fixed spheri-

cal form. This condition may, under these circum-

stances, be considered as the death of the individual

as an individual. The green 2:)articles collect in the

centre, apparently forniing one mass, and leaving a

cii'cumference of colourless material. This becomes

di^-ided into two or three zones, apparently forming

a sort of cell-wall or envelope, in which is confined

a small, spherical, green, moving mass. The move-

ment of this mass is intermittent, and consists of
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revolutions, first in one direction, then in another.

After some further interval of time, a further chiinije

ti\kes place ; the i^ii-eu nijuw ilivide.s into a variahle

number of smaller ma.s.ses, .some largi'r, some .smaller,

the ainK^-anuK-e of zones in the enveloi>e di.sjipj)eai*s,

anil the green masses ginulually approach the ciirum-

ference. In this jKJsition tln-y an* develo|H^l into

j)erfect individuals, and after a time, rujituif of the

cell wall takiny; i»l:K-e, they escaj»e a.s such.

To ascertain the jterioils of time thus consumed

in the different stejw of the life-hi.story of this

interesting animalcule, it would be necessary to

watch an individual throughout its exi.stence. This.

is a matter of great dithcidty, for the rea.son that

the lifetime which hius to be observe<l husts longer

than the small drop of water in whith the animal

is living on the slip of gliuss under the mici-oscoix'

;

and i\n their extreme length, when at their largest,

tloes not excee<l the 100th part of an inch, it will

be readily undei'stoo<l that it is not j)os.sible to

watch them except under the micro.scoi>e.

The life-history, as above describetl, has been

ma<le out fx'oni ntimeix>us si>ecimens, exhibiting the

different stages of growth and reproduction.

F I R I X G
Bv 11. B.U)EX ruiTCHAUD, F.C.8.,

WE have from time to time heard so much of

the doings of big guns that it is well worth a

moment's reflection to consider what Is involved in

the oi>ei-ation of firing a shot. In the early days

of the "Woolwich Infant" it was avowed that

every time that 35-ton piece of ordnance wsis fired

a ten-jx)und note was blown fi-om the muzzle in

the shajK^ of powder and projectile ; and now that

we have 80-ton weaiions which fii-e lx)lts of three-

quartei-s of a ton, and as much gunpowder as is

representetl by a sack and a half of coals, the cost of

a shot has increaseil still further (Fig. 2). But it is

not so much the cost as the physical and chemical

aspects of firing that I have hei-e to discu.ss ; and if

the reader will lend his attention for a little while,

it -will be po.s.sible, I think, to explain these to liLs

satisfaction.

Most i»eople know what guni»owder Ls, and how
it Ls nianufacture<l, although none of us can tell

from whom we firet derive<l the knowledge. We.
in this country, usually jwint to Roger Bacon as

the di-scoverer of guni)Owder; while our German
cousins ai-e very firm in their dictum that no other

than Berthold Schwai-z was its originator. At the

same time it is veiy certain from references found
in Anibic and Chinese, that the composition of tlie

explosive was known long Ijefore either of those

philosophei-s came into the Morld. Still, if we are

to regard gunjwwder as an agent in fireanns—and
it Ls imjKjrtant only in this i-esp>ct, and for blasting

jiiiq.oses—then it can hardly Ije disputed that the

mat.rial wa.s, in the fii-st case, employed in warfare
in Kurope, and the Ijattle of Cre.s.sy is usually citetl

as the occasion on which '• villainous saltj^tre " wius

originally u.se<l.

A SHOT.
or THE Royal Ausexal, Woolwich.

In the same way as all attempts have prove<l

fruitless to discover the inventor of gunjKjwder, so,,

too, has every effort of ours failed to Lmprove its

chemical comjx)sition. We use pretty well the s<ime

projxjrtions of charcoal, sulphur, and saltpetre in its

comi)Osition as wei-e in vogue five hundred yeai-s-

ago, and if we have to-day succeedetl in i)roducing

a more trustworthy and handy j)roduct, this is

simply because our means of manufacture have

been bettered. Gunpowder prepared for warlike

purposes is usually made up of

Nitre 75 per cent.

Charcoal . . . . . lo ,,

Sulphur . . . . .10 ,,

and I may, in a few words, explain how its manufac-

ture is can-ied on. In the fii"st place the ingi-cdients

are very intimately mixed together, and as soon as

thLs Ls done they are carried off to the "incoi-poniting

mill." Here heavy roUei-s reduce the mixture to a

fine powder, and to render the " incor}>oration
"

still more complete, a little water is .s]>rinkled u|)on

the ma.ss. Tliis is now temied " mill-cake," and

after it has been put under hydraulic pi-e.ssure, to

press it into solid cakes, the name " pres.s-cake," is

applie<l to it. " Pi-ess-cake " Ls gunj)Owder oi bloc,

and according to whether you want coai-se or fine-

grain giuipowder, so it Ls broken up into small or

large gi-ains. This fact it is well to bear in mind,

since one is apt to believe that the coai-ser the gun-

powder api>eai-s, the more coai"sely it is mixed ;

all giin{>owdei"s, however, no matter how they

ap])ear to the eye, have been thoiX)ughly and

intimately incorporatetl. To give the gi-jiins the

polislifd api>eai-ance they exhibit they are rolle<l in

a drum, and thus hardened and ghizetl.
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In the case of gunpowder employed in our heavy

guns nowadays, the name " powder " is altogether

a niLsnomer. The gi-ains have gro\sTi to monstrous

size ; and two-inch cubes are sometimes employed,

weighing half a pound a piece. Pebble-powder,

pollet-powder, prismatic powder, mammoth-powder,

2)0udre-brutale—the latter not so large a grain,

albeit it has proved mischievous enough—ai'e some

of the names given to cannon powders (Fig. 1). The

reason for this enlargement of the grain is not far

to seek. As I have said, the chemical constitution of

powder has not varied in any marked degi-ee, but,

nevertheless, its bui-ning properties have been

placed under considerable control by simply altering

Fig. 1.—Various Kinds of Powder.

{V) Poudre-bruUae ; (2) Pebble; (3) Mammoth ; (4) Prismatic; (51 Cube.

the foi-ni and density of the grains. When we had

smooth-bore guns and moi-tai-s to deal with, and a

loose-fitting cannon-ball, the main thing necessary

in firing a shot was to jerk out the latter Avith as

much force as possible. But if we did this with

rifled weapons, Ave should, in all probability, simply

burst the arm, without stirring the shot. In a

rifled gun we want the projectile to be gi-adually

brought into motion, and to be impelled by a steady

and increasing push. This would not be the residt

if the old gunpowder were used, consisting of fine

gi'aius. Fine-gi'ain gunpowder e-xplodes quickly,

and would strain the gun terribly before the shot

got into motion at all ; what is wanted, thei'efore,

is a slower burning material, and this is secured by

having recourse to gi-aius of larger size. A given

weight of powder in one mass takes longer to bum
than the same weight divided into ten fragments all

kindled at once. Tlie less surface there is to kindle,

the slower will be the combustion, and as large

masses present less surface—weight for weight—than

small ones, it follows that large-grain gunpowder
must necessaiily burn slower than fine-grain. It Ls

for this reason that the grains of gunpowder have

gi-own with the size of our guns. An artillei-yman

always wants to get the most work out of his gun,

and he can only do this by carefidly studying the

size of his gunpowder. K he has the grains too

small he strains the weapon without increasing the

energy of the shot ; if the grains are too large, they

may be still nnconsumed Avhen the shot leaves the

muzzle, and some of the charge is blown from the

gun unburnt. To be brief : in a rifled gun the

powder should exert its maximum eflect when the

shot has reached the muzzle, but not till then. It

may apjiear to the reader, at fii'st sight, a matter

of some difficulty to ascei-tam whether gunjiowder

does its duty properly in this respect ; but as I shall

presently show, the way to find this out is tolerably

easy after all.

And now in respect to the chemical change which

gunpowder undergoes in firing a shot. Gunpowder
does not require air for its explosion ; it can-ies

oxygen enough—in the saltpetre—to serve for its

own decomposition. It can be tightly shut uji in a

canister and sunk in the sea, and yet be exploded as

readily as in the open air. On ignition, the char-

coal, or rather most of it, which consists of carbon,

" combines " with the oxygen of the saltj^etre and

becomes carbonic acid in a gaseous state. It is this

carbonic-acid gas, added to a large volume of nitro-

gen, which is also set free on the decomjiosition of

the saltpetre, which supplies most of the elastic

force necessary to fii-e the shot. The gases being sud-

denly generated in a very confined space, at once

expand, and cause the shot to be expelled from the

gun, together with all that noise and vibration which

are inseparable from the discharge of firearms.

This is not all that takes place in the combustion

of gunpowder, for carbonate of potash, siilphate

of jx)tash, and possibly other salts too, are formed

in the sudden decomposition that ensues on the

filing of a shot. The sulphur, for the most part,

passes into sulphuric acid, combining Avith oxygen

to do so, and then forms the sulphate of potash of

which we have spoken. To send the shot on its

rapid flight, it is necessary to generate quickly the

largest possible volume of gas in the chamber of

the gun, and this is efiected by the intimate mixture

of saltpetre, charcoal, and sulphm-, represented by

gunpowder.

But, it may be asked, what is the volume of gas

produced, compared to the original space occupied
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by the gunpowder'? for in that way only can we

get an idea of the sudden enerjry that is generated

This is not so easy to determine, for liot g:is tiikes

up much moiv room than cold gius. In a gun we

do not (piite know the tempeiiiture of the gas at

the time of explosion, for as soon as the shot begins

to move the g-.is mpidly cools. In the case of gas at

a temp'rature of GO Fahr., it is fouml that one cubic

inch of gunj)ONvder yields about :i07 cubic inches of

gas, at atmospheric pressure. Confined in a small

6|)t\ce at the time of exj)lo.sion, and Ijeing, too, at a

all, charcoal, it seems, vanes very much in its

character. Theiffore, although we always add

the same amount of charcoal, we do not always

get the siime result. According to the temjjera-

ture of charring, and the stjite of jKjrfection

to which this process is carried, so does the

l)ercentage of carbon vary, and as there is more

carl>onic-acid gas than any other gtnei-ated on the

explosion of gunjiowder, this point is naturally

one to which great importiuice attaches in these

days of arms of precision.

Fiir. 2 —Shot of the 80-ton Gcn.

very high tempemtm-e, it Ls reckoned, however,

that the gas at the instant of firing would occupy

momentarily ten times this volume at least, so

that, advantageously ignited, one cubic inch of gun-

powder expands more than 2,000 times ; and this,

we are told, is equal to exerting 34,GOO lb., or l')i

tons upon the square inch. No wonder cannon-

balls move tlu-ough the air at a high velocity.

Before dismissing the chemical aspect of the

subject, there is one more \wuit that must be

alkuled to. Although, as I have .said, the propor-

tions of the materials employed in the niiuiu-

factui-e of gunpowder j)ractically never diHer at

We know now something both of the mechanical

and chemical nature of gunpowder, and al.so ot

its convei-sion into gas and the expansion of the

latter at the time of firing a shot. We will now
go further, and follow the shot in its career. Not
too quickly, however, for I wish the reader to fully

undei-stjind how much we have recently learnt ot

the doings of the .shot both inside and outside the

gun. Under ordinaiy circumstiiiices, I nuiy men-

tion, that a jirojectile, in one of our heavy rifled

guns, takes, as nearly as possible, vsuth part of a

second in travelling fi-om one end of the weapon

to the other. Many will smile, no doubt, at such a



94 SCIENCE FOR ALL.

statement ; but it is no haphazard giiess, as will

presently be seen. It is jjossible, nowadays, to

measure with accuracy the fliglit of a shot to within

a millionth part of a second, with the aid of an

electric tell-tale, to which its inventor. Captain

Noble, has given the name of " Chronoscope.

"

The chronoscope, too, is an instrument very easy

to understand. Inside the gun are fitted half a

dozen rings through which the shot passes on its

way to the muzzle. Tlie rings are placed at an

equal distance from one another, and may be taken

to represent so many stations past which an express

train rushes at great speed, the projectile being tlie

speed. The gi-iudstone or wheel is of metal, and

its outside edge is blackened by allowing the soot

or smut of a candle to deposit itself thereon. It is

a singular circumstance, that if you have a soot-

covered metal surfiice, and permit an electric spark

to hop ujion it, the spark flicks away the soot, and a

tiny round spot of bare metal is the result where

the electric discharge has taken place. This fact is

made use of in the chronoscope.

Let us now suppose the blackened wheel of the

chronoscope to be revolving rapidly—there are in

reality several wheels, but one is enough for pur-

poses of explanation—and that the gun is ready to.

Fig. 3.

—

Course of the Shot throcgh the Screens.

express train in question. Each station has its own
electric signal, whereby the passing of the shot is

recorded. Under each ring is a wire, and this

wire leads away to the instrument-room where the

records are receive&l. An electric current passes

along each wire from the gun to the instrument,

but when the shot passes a ring it presses the latter

down upon the wire and cuts the same. So that

one ring after another, as the shot passes by, cuts the

wire under it. The effect is of course that the

electric currents are also broken successively on one

wire after another, and this fact is conveyed to the

instrument-room by six tiny sparks coming along

tlie six wires immediately one after another.

In the instrument-room is the chronoscope. This

instrument may best be understood by picturing to

oneself a fly-wheel or a grindstone rotating at great

be fired. Almost touching the rim of the wheel

are the ends of the wires coming from the rings in-

side the gun. Suddenly the shot is fired. The

projectile getting into motion immediately passes

the first station or ring ; the wire imderneath is cut,

the electric current is instantly suspended, and a

spark passing to the instrument-room hops on to the

revolving wheel. Number 2 ring, as the shot passes

through it, sends in like manner a spark through its

Avire, and this also makes a tiny spot upon the

blackened wheel just after the first spot. And so

on with rings 3, 4, 5, and 6, all of which send

their respective sparks as the express train, repre-

sented by the shot, passes by all the stations.

The shot fired, we stop the rotating wheel, and

then find recorded uiwn it, one after another, six

tiny spots. The space between the spots represents
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tlie time which the shot has tukeu to travel fiT>in gnuluully less, proving tliat the shot moves veiy

ring to riiig insiile tlie gun. As the wheel has fast as it nears the muzzle.

been revolving at a cei-tiiin specific sj^eed, and Jis, Bv means of the chronoscojie we cs\ii thus tell

moreover, M-e know precisely the circumference of if a guni»owder does its duty, for the development

the wheel, it is a mere matter of figui-es to find out of energv, whether fust or slow, is at once recoi-ded.

what fniction of time these intervals represent. Agjiin, when the shot issues from the muzzle, it is

Fig. 4.—Ikitial Velocity AppARAxrs.

As I have .sjiid. a hundredth of a second is con-

suu)ed in the case of a shot j^assing through the

whole length of our heavy cannon, but after the shot

once begins to move its velocity increases rapidly.

Tins is sliown by the recoixls on the chronoscope

wheels. If the shot [ja.ssed all stations at the same

siK-eil, the tiny s|)ecks of bare met<\l would be equi-

distant. This, however, is not the case. On the

contrary, the uitervals between the recoriLs become

possible, by having recoui-se once more to electricity,

to tell precisely the range or penetration of the

mi.s.sile. There is no need for a long practice-

ground, or a stout iron target ; artillerists now-

a-days can tell very well what a shot will do if the

proof-butts are within a hundred feet of the muzzle

of the gun. This is done by calculating what is

termetl the " initial velocity " of the shot.

A .screen of tine copper wire is erected in the path
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of the shot, just in front of the muzzle ; another

similar screen is placed a hundred feet off, also in

such a way that the shot will pass right through,

as it plunges forward at the outset of its jouniey.

In this way we get the jirojectile to break Num-
ber 1 screen, and to travel 100 feet before break-

ing the second. In both cases an electric current

is passing through the copper wii-es of the screens,

which are connected by other wires to the instru-

ment-room. At the discharge of the gun, the shot

therefore is made to break two electric cuiTents one

afteran other, as it tears through the screens (Fig. 3).

The recording instrument in this case (Fig. 4) is

more simple than the chronoscope. It consists in the

main of two magnets, which are magnets, however,

only so long as an electric current passes round

them. The instant this current ceases, the magnets

lose their virtue altogether, and are then nothing

more than pieces of iron. We Avill now imagine

that the gun is ready for firing, that the electric

current is passing, and consequently that we are in

possession of two magnets. From these electro-

magnets are carefully suspended two metal rods

;

Number 1 magnet being in connection with the fii"st

wire screen, and Number 2 magnet in connection

with the second screen. The shot is fired. It rwp-

tures the first screen. What hapj^ens ? Why, the

first electric current is broken forthwith, and Num-
ber 1 magnet has no longer any virtue. The metal

I'od that has been suspended all this while, con-

sequently falls.

But while Number 1 metal rod is yet falling the

shot has travelled a hundred feet, and has ruptured

the second screen. Hereupon magnet Number 2 has

ceased to be a magnet, and the second rod, which

has been hanging jmrallel to the fij-st, also drops.

This second rod in dropping falls upon a sort of

trigger an-angement, which causes a sharp knife-edge

to dart forth, and this knife touches rod Number 1,

which has not yet had time to fall its entire length.

Indeed, Number 1 rod, which is about two feet long,

has only had time to fall about half its length, when
this knife makes its mark, and it is the where-

abouts of the indentation upon the rod which tells

us how fast the shot is flying. If, for instance,

when we pick up rod Number 1, and examine it, we
find the abrasion twelve inches v.j), then it is a

patent fact that the rod fell a distance of twelve

inches while the shot travelletl a hundred feet.

The weight of the rod is accurately known, and as

the time too is known that a given weight takes

to fall a certain distance, the actual fraction of a

second is quickly calcxilated. As a matter of fact,

I may .say, that a shot such as our " Woolwich

Infants " fire, travels through the aii- at the outset

at a speed of something like 1,500 feet jier second.

One other means of determining the pressure of

gas inside the gun, deserves to be mentioned, since

it affords a ready way of ascei'taining whether the

weapon is being strained or not. For instance, in

the 80-ton gun, it has been taken for granted, that

any pressure beyond 25 tons to the square inch is

injurious to the weapon, and this is the maximum
which any powder should be permitted to exert.

Both the chronoscope and the initial velocity

apparatus tell us something of the pressure, but to

make quite sure, a little copper i)illai', called a

" crusher-gauge " is used. The copper pUlar is

fitted loosely inside a tube ; one end is fixed against

an anvil, to prevent it moving backwards, so that

when subjected to the pressure of the gas inside the

gun, the pillar gets compressed and crushed to a

certain extent. In a word, the pillar becomes

shorter, and assumes something of a barrel-shape.

The " crusher-gauge " is either fitted to the base of

the shot, or somewhere in the tube of the gun,

where the full force of the gas can act upon it.

After filling, the height of the pillar is acciii-ately

gauged, and the shorter it is, of course the greater

has been the amount of pressure. The exact

jiressure is at once ascertained by comjiaring it to

other similar pillars which have been subjected to

various degrees of pressure.

Thus, firing a shot at the present day involves

many considerations and calculations. The employ-

ment of gunpowder in fireanns is no longer a

matter of rule of thumb as in the days of smooth-

bore guns and round cannon-balls, and gunnery

has of late become a science of itself. We should

never have dared to construct monster rifled

ordnance, and to employ therein battering charges

of several hundred pounds, if we did not all the

while know something of what was going on inside

the irun.
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WHAT IS "POWER"?
By William Dvnd.vs ticoTT-MoNcuiEKF, Civil P^xoineer.

WHP]N the word "power" wius tii-st used l»y

our Anglo-Saxon ancestoi-s, men thouj,dit very

little about science. In tliose early days the habitii

of observing the common occurrences of nature

had never l>een accjuired. The simplest pheno-

mena were unnoted, and only those events attnicted

attention which were rare, and only those which

were marvellous excited wonder. The fall of an

aj>ple must have been noticed from time imme-

morial, but it remained for the inquisitive of

modern times to iliscover the laws that regulate

its descent Newton and his contemporaries had

a metliod of studying nature which showed that

the marvellous was often most easily explained,

while the common occurrences of every-day life

remainetl as subjects of inexhaustible interest.

The story of the falling apple—ai)Ocryphal or not

—is an apt illustration of how great things and

small are alike dependent upon the laws of the

universe, since it is said to have suggested the

lii-st conception of the forces which control the

motions of the stars ; and it is the purpose of the

present paper to show liow " |)ower," which is a

necessary condition oi fm-ce and work, Is exhibited

among the common objects of every-day life. It

will be well, perhaps, before going further, to say

something of the word itself.

In many cases a word when impoited into a

special field of usefulness has acquired a meaning

l^eculiar to that particular relationship ; as, for

example, the word "field," which in this sentence

is employed iu an indefinite and suggestive fonn

to convey the idea of scope or capacity, but

which, as the reader Ls aware, is also used in

optics to convey the meaning of a range or limit

of vision. TliLs constantly increasing demand
for wonls to convey precise and specific .scientific

meanings has been going on for a long time, and
has been encroaching ujk)!! the ordinary vocabulary

of the language until it has become neces.sary to

tind new metho<ls of atlding to our supplies. To
this end all .sorts of ingenious devices have ])een

resorted to. For instance, in the mea-surement of

electricity, the words " gallons," " tons," " inches,"

(fee, were manifestly inapplicable, and as the

new measurement req\uied a 8i>ecial methwl,
electricians in\eiit<-d some new standards alto-

gether, and killed two birds with one stone by
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framing a set of suitable words, and at the Si\me

time immortalising the great electricians by making

their names the foundation of Uie new termin-

ology. There are sevenil deiMirtments of litemture

to \>e gi*eatly congratul.ited \\\K>n this etfort on the

part of Science to shift for hei-self in the matter of

a vocabulary. Generally speakuig, it would l>e an

exceedingly )x>ld thing for even the most distin-

guished miisters of a languixge to invent a word for

the ordinary purposes of literature ; but no one is

ever likely to find fault with scientific men for

introducing them to their heai-ts' content. Every

one who has any regard for the integi-ity of the in-

heritance we have received in our great and noble

English language, will be glad to .see it preserved

to the uses for which it wa.s originally intended.

Passing now to the particular subject of this

paper, the choice of the word "power" has, on the

whole, turned out to be somewhat unfortunate, not

.so much because it is unsuitable for conveying a

cei-taiu exact scientific meaning, as because a con-

fusion of ideas had already arisen from its being

misapplied to cei"tain uses which science showed

afterwards to be inconsistent with the best appli-

cation of which it was capable. The word originally

was, no doubt, used in very much the same sense

as " strength," with which it has a veiy remote

.scientific connection. A distinction is apparent,

however, even in the popular application of the two

words, " power " and " strength," when we find the

fii-st used in such a connection as that of " water-

power," or " wiiid-])Ower," because here a pei"Son of

the most ordinaiy intelligence can distinguish

between that seitse of capacity for work which is

conveyed by the word " power " as contrasted with

the idea of repose which is given in " .strength."

Tliis distinction has found its develojjment in two

di.stinct sciences—" statics," the .science of material

repo.se ; and " dynamics," the .science of moving

energy.

As an illustration, we will now notice the broad

distinction which exists between the " power " of

water in a mill-pond and the " woi'k " it does iu

tumbling over a water-wheel. If the water re-

mained a thou.sand yeai"s in the jMjnd, it would

do no work, but would be like the ajtple suspended

from the tiee. During all that long period, liuw-

ever, it woukl retain a capacity for work, just at
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the apple retains a capacity for falling ; and this

capacity would vary in the proportion of the

quantity of water the pond contained. In summer

it would be less, and in winter after the rains it

would be more. Now, the world is a storehoiise of

such elements of power as we see in the mill-pond.

When we begin to trace the caixses of these differ-

ent sources of power, we find they are continiially

shifting back and back and back, until at last we
are obliged to look for their origin among the first

conditions of force, about which we know nothing

at all. In the case of the mill-pond, we can readily

discern the more immediate causes of the power

which is stored in it. Where the water that fills it

comes from we cannot exactly say—-perhaps it came

from the Pacific, and perhaps from the Atlantic

Ocean—but as Ave know it came doAvn in the form

of rain, the only reasonable conclusion we can arrive

at is that it has been carried by the winds in the

form of clouds, from .some hot latitude largely sup-

plied with water, where it rose first of all iai the

condition of vapour. It is very easy, therefore, to

come to a satisfactory conclusion ujion the imme-

diate origin of the " power " in the mill-pond, and

to fix upon the sun, whose heat first evaporated the

watei', as its soui'ce and origin. When we trace the

supply of " power " to the heat of the si;n, however,

our difficulties are only beginning ; but as this is out

of the region of terrestrial physics, we cannot pursue

the inquiiy further
;

partly because at this stage it

is made up, to a great extent, of theories that have

never been proved and are perhaps incapable of

proof, and jiartly because it is really beyond the

scope of the present paper. It is enough for our

purpose if the reader is able to understand the

difference between the conditions of power as it

exists in the mill-pond and the " work " which

it does in falling over the water-wheel. There

is another point which has been sufficiently in-

dicated to enable some explanation to be given

before proceeding. As we find that some cause

has been at work to produce the capability of

doing work in the mill-pond, so Ave may be cei'tain

that throughout the entire storehouse of nature,

whereA'er we discoA-er a capacity for "work," so

certainly Ave may predict that some sort of force

has been the agent Avhich produced it. When we

come to consider Avhere these conditions of power

are illustrated, Ave discover them at every step of

our daily life. It so happens that in the case

of the mill-pond we have to deal Avith a fluid A\'hich

is so readily sul>servient to the laAvs of graA'itation,

that it willingly follows every curve and bend of the

mill-race, and splashes merrily over the mill-Avheel,.

as if rejoicing in its usefulness. If, hoAveve]-, we
take the solid instead of the fluid condition of matter,

Ave find the A-ery same principles of latent energy,

Avith the simple difference that in the case of the

Avater they are readily available for the uses of men,

and in the case of rocks and stones, lying high up
upon the mountain tops, they are like lazy but

powerful slaA-es, Avho cannot be made to Avork at

all. It is quite certain that the stones of a high-

land " corrie " ncA'cr came there by the agency of

the sun raising their particles to the skies in the

torrid regions of the equator, as happened in the

case of the drops of Avater that make iqi the liquid

A'olume of the mill-pond ; but we may be certain,

ncA-ei'theless, that force of some sort Avas at Avork

Avhen they Avere first raised to their present position,

and it is equally certain that if they could be made
to tumble peaceably OA'er a mill-AA'heel without break-

ing it to pieces they Avould do an amoiuit of work'

which Avoxdd be measured by then* Aveight multiplied

by the height from Avhich they descended. Pur-

.suing this ti-ain of thought a little further, the

reader will noAv be able to see that in a large toAvn

even the stone and lime of Avliich the houses are

built are in fact great storehouses of " poAver," and

although the value of the buildings depends upon

all this "power" remaining in a state of complete

repose, still just as the Avater in the mill-pond and

the stones in the Highland "corrie " are capable

of doing work if the one is alloAved to rush througli

the sluices and the other to tumble down the hill-

side, so our Ijricks and chimneys, if they were able

to get to "Avork" by tumbling about our ears, Avould

be poAverful to do a great deal of damage before

they reached the level of the ground beneath.

MoreoA'er, jiist as Ave discover the agency of the

sun in the mill-pond and of some primordial forces

in the high-lying rocks of our mountains, and,

indeed, of the elcA-ated masses of the mountains

themselves, so among our bricks and chimneys can

Ave discoA^er an original supply of energy in the

patient labours of the hod-man avIio climbed AA^ith

his back-load of materials to the different courses

of the house Avhich he helped to build.

As long as the Avord 2>ower Avas applied to Avind

and Avater, the good peoitle avIio made use of

these natural forces to grind then- corn troubled

their heads A-ery little about its scientific meaning.

It Avas nothing to them that the Avord '^'^ poioer"

ought really to be applied to their supply of

Avater Ijefore it Avas alloAved to fall over the

dam ; or that the measure of the Avater-poA\'er
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was tlie wcij^lit of the watrr uiultiplicd by Lhc

height at which it hiy in tlie i)oiul above the

Wiiti-r-whecl. It Wius nothing to tlioni tlmt the

Itioper term to apply to the water as soon Jis the

shiicas were lifted, and it t^caj>ed roaring suid

sphushing over the water-wheel, was " work," and

that the etticiency of its iiei-formmice dej)endeil

ujK^n a variety of conditions, superadded to the

great factor of " i)Ower " which it rettuned in the

rpiiet rejKxse of the mill-pond or lake. It was

enough for them that the water gi-ound their corn.

So things went on for centuries, and no one troubled

themselves to use the word '^^power" in any other

sense than their forefathei-s had used it before

them. A new state of tLings, however, arose

when the forces of nature were beginning to be

found insufficient for the wants of the population,

and when James Watt Wiis inventing engines that

coidd be put u]X)n wagons, and conveyed from one

])ai-t of the countiy to the otlier, and erected when
they were needed in such a maimer as to supply

more power than the mill-pond or the river.

Then, j>eople, before they parted with their money,

wanted to know what they were getting in

exchange for it, and if one manufacturer 2)aid

.£1,500 for an engine, he wished, naturally enough,

to be quite sure that he was getting £500 more

value in " power " than hLs neighbour who only

l)aid ^1,000 ; and so some standard became neces-

sary by which the value of his engines could be

estimated, and James Watt hit upon the expres-

sion •* hoi-se-power," and applied it to the sale of

his engines. It was here that confusion arose

from the scientific misapplication of the word

"2)ower," and this I will try to explain by showing

what mistakes were made in applying this word

to such a purj)ose as a standard for the sale of

steam-engines. It l>ecomes apparent, in the light

of the explanations we have already made, that a

steam-engine without the boiler has no power

whatever if it hapjiens to be erected at the level of

the sea.

To si>eak, then, of the "power" of an engine, in-

dej)endently of the pressure of steam in the boiler,

was elciirly a niisiipplication of the scientific use of

the woi-d ; and this was what was done when the

term " hoi-se-i)ower " was api)lied to the steam-

engine, without any notice being taken of the pres-

sure of steam which w;is necessiuy to dri\e it.

What W}\s wanted at the time was simply .some

standard by which engines could be bought and
sold, .so as to enable the buyer to know that he wjis

getting a fan- value for his money, as compared with

his ncighboui-s who were buying engines as well

jts himself. Accordingly, we find the niles for thp

nominal hoi-se-power of an engine to be based ujxjn

the area of the cylinder ami the length of the

stioke of the engine, together with the velocity at

which the piston of the engine travelled. If the

reader considei-s these conditions for a moment, he

will see, in the fii-st place, that, although the loiles

which were framed upon them arc called rules for

nominal horse-power, there is no idea of " power,"

in the scientific sen.so, conveyed by the terms at

all ; and that, in the next place, they are equally

defective as iniles for •• work " or efficiency, as the

pressure of the stCiim, iq^on which the amount or

work altogether depend.s, is entirely excluded.

These rules, then, were really framed on a false

scientific basis, and gave rise to a misapijlication

of the word " power," which has been adhered to

ever since.

For the practical piu*poses of a standard in the

buying and selling of engines, it was well, jxirhaps,

that Watt did not include the factor of stciim pres-

sure in calculating the nominal hoi-se-power of his

engines, for the simple reason that the standard

of one period would have been quite false for

another. There were no difficulties in the eaily

manufacture of the steam-engine which proved to

be more obstinate, or wliich were more slowly

overcome, than those which beset the engineer in

])roviding a strong and suitable vessel for raising

and retaining the pressure of steam. As time

went on, however, improvement followed upon

improvement, \iutil a pressiu-e of steam and an

economy of the fuel required for I'aising it was

reached that rendered all calciUations of the

nominal capacity for woi"k of the early steam-

engines quite unsuitable for the i>resent day. So

much is this the case, that the buyer of a modem
marine engine is not likely to be satisfied with his

bargain ludess he gets six times the amount of

work from his purchase that would have been con-

sidered a fair allowance for an engine of the same

dimensions in the days of Watt, when the rules

for nominal horse-power, unscientific though they

were, .still indicated api)roxiinately the actual work

which the engines were cai)able of doing.

It is now time for us to inquire in what way the

term " power " Ls applicable to a steam-engine ; and

in this we .shall Ix* gn-atly a.ssisted by returning to

our fonuer illu.stration of the mill-pond. The

reader will natui-ally wonder what there is in

connection with a steam-engine that is like a

mill-pond ; but when we go back, and call to mind
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that the mill-pond was only a storehouse of energy,

which we found had been laid up by the heat of

the sun evaporating the drojis of water that com-

posed it, there will be no gi'eat difficulty in finding

the analogy in the heat of the boiler-furnace which

liaises the steam. In the case of the mill-pond, the

water which constitutes its power rose to the skies

in the form of vapour, which saturated the hot air

and ascended along with it. Here we find the

heat of the sun expanding the elastic fluid of the

atmosphere, according to laws that are quite in-

variable, and—except that these laws come under

somewhat altered conditions in the evaporation and

is sufiicient to point out that the foi'ce of graAdtv,

as represented by the height to which the water

has been raised, is the work which the heat of the

sun has done, and which has been transformed into

the power of the mill-pond ; while the expansive

force inherent in an elastic fluid at high tempera-

ture, and which Ls a storehouse of power in the

boiler, has been the resvdt of burning fuel in the

furnace of the steam boiler.

The work done by the mill-pond and the steam-

engine is therefore quite a separate afiair from the

^^power" both of the water and the steam, which, but

for evaporation in the one case, and loss of heat by

Pig. 1.

—

Section of a Locomotivi: SiEAM-ENGnrE.

expansion of steam—we see exactly the same pro-

cess at work with the heat of the boiler-furnace.

For every degree of temperature which is added to

the heat of the steam, it expands to an extent that

has been clearly determined by experiment ; or if it

is confined in such a way that it cannot escape,

then the pressure increases as a sort of quid pro quo

instead of the expansion. Now we have already

stated that wherever in the gi'eat storehouse of

Nature we discover a capacity for work, so certainly

we may predict that some sort of force has been

the agent which has produced it. In the case of

the mill-pond, we have seen that it had its origin

in the heat of the sun; and noAv we find that the

" power " stored up in the boiler of the steam-

engine depends upon the heat of the furnace. At
some other time we hope to speak of those trans-

mutations of force which render power available

for doing useful "work;" but in the meantime it

conduction in the other, might be stored up for yeais

without doing work at all, like the lazy stones on

the sides of the mountains. The moment the sluices

are raised or the steam valve is turned, the "povjer
"

both of the water and the steam immediately dLs-

ajipears ; and it is the aim of the engineer to take

the fullest advantage of the wo7-k into Avhich the

power is capable of being converted.

L^pon referring to the engi-aA"ing (Fig. 1), which

represents a section of a locomotive steam-engine,

the store of power is seen in the fire-box, where

the aiTows point in the direction taken by the

flames and heat of the fuel on their way through

the boilei'-tubes to the chimney. Tlie heat in its

passage is communicated to the water, which is

then coiivei-ted into steam, and so confined in the

boiler that it becomes a reservoir of " power."

When it is allowed to pass into the cylinders, it

diives the pistons backwards and forwards, giving
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:i rotary movement to tlie driviu'^-wbeels, which thiis

bet-oine the ultimate medium of doinij tlie work of

locomotion. The measure of the power is to beilis-

coveretl in the amount of heat in the steam, and the

measure of the work j>erformed will bt^ found in

the mean pressure, which is the result of tke heat

multiplieil by the area of the pistons, ami by the

distance they travel in a given time. If the work

is meiusure<l by the heat oidy, it will increa.se with

the iliflerence of the tempeiutui'e at which the

steam entei-s the cylinders and that at which it

leaves them.

Turning now to the storehouse of power which

we discoAer aniong the forces of nature, we must

ask the retuler to look upon the earth in its rela-

tion to the heat of the sun. If we pull a s})iral

spring and hold it in that extended position, it

will have a constant tendency to return to its

original length ; and the moment we release it,

if we have not .stretched it too far, it will rebound

with an amount of force that is the equivalent

of that which was neces.sary to stretch it. In the

same way, if we raise a weight from the gi'ound the

force necessiiry for this piii'pose will always remain

njM^n sentry, ;us it were, ready, like the spiral spring,

at a moment's notice to take advantage of the tirst

opportunity to return to its original level. Now
we find tliat tho.se regions of the earth which

are termed temperate, either from their disttmce

from the ecjuator, or from their great height

aljove the level of the sea, are the storehouses of

power which we get as an equivalent for the work

done by the sun. All day long and all the year

rountl the .sun is evaporating water which .satui-ates

the atmosphere and ri.ses along with its expanded

volume to the level of the cloud.s. Just as we

have power stored up in the extended .spring or the

ele\^ited weight, so we find it among the water of

the clouds, which may \>e looked upon as vast at-

tenuatetl mill-ponds. When these are conveyed to

more temperate climates, or come in contact with

the cold suifiices of elevated i-egions, they are con-

(U'lLsed, and come down in the fonn of rain, when

they are gathered together in lakes antl hollows.

But while we thus find the sun to be the origin of

these vast natui'al supplies of "j)ower," we dLscover

al.so that the same agency is, in a great measure,

e.s.seutial to their cajiacity for doing work, which is

the gi-eat clianicterLstic of ''power." Among the

particles of matter which are the vehicles by which

the work of the .sun's heat is converted into power,

and which are again capable of Injing the medium
by which this power is re-converted into work, we
find that heat is neces.sary to the fulfilment of the.se

functions. If the clouds raisetl by the sun's heat

are carried into regions of continuous frost, they are

bound in chains that preclude them from being sul>

servient to the uses of men, and they He in snow-

drifts and glacier.s, like the afore-mentioned idle

rock.s. And so it follows that it is not among
the burning plains of the troi)ics, where the heat

of the sun is greatest, nor yet in the regions of

continual frost, that we discover the great store-

houses of 2fow€r, but among the more temperate

parts of the earth, where we seem to find an analogy

for the forces of natin-e in the gi-eater activity anil

higher development of men. In the winter of the

Greenlander there are no falls of rain to fill the

mill-pond that turns the wheel that gi-inds the corn

of the fortunate inhabitants of more temperate

regions. The wind still howls around his hut, for

it camaot be bound in the chains of winter ; but if

the sun should cease to shine, even the winds would

be still, and the earth would be given over to the

silence, and darkness, and practically poioerless

repo.se of an Arctic midnight.

Althougli we have confined ourselves to a con-

sideration of power as exhibited in water and

steam, a study of the forces which gave rise to

the capacity for work in these ca.ses opens up one

of the widest fields of physical inquiry', and re-

moves us flora the regions of teirestrial agencies

to a study of the storehouse of power which we di.s-

cover in the sun. Meantime, our object hiis bet'ii

attained if we have explained the scientific meaning

of the word " power," which, if it had never

been misapplied, might have served all the pur-

l)Oses of a longer and less Enirlish expression—
that of Potential Energy, which is its scientific

sjTionym.
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HISTOEY OUT OF EEFUSE HEAPS.

By Eobeht BiiowN, M.A., Ph.D., F.L.S., Arxiiou of "The Races of M.vxkixd," etc.

THE student who lias eyes and has learned to

nse them, cannot walk along our own shores,

or, indeed, along the shores of almost any part of

the world, without observing the ceaseless warfare

wliich is being waged between the sea and the land.

The waves are breaking against the cliffs—those

"eternal walls," which seem to the ordinary spectator

the visible type of unchangeableness—returning

again and again to the charge, until in time they

iindermine the great bulwark, and sweep it into the

bosom of the ocetin. Again they renew the attack,

never idle, always busy, until, yard b}^ yard and

rood by rood, the sea eating into the countries

bordering it, the coast-line is altered, and old

historical landmarks live only in the books of

chroniclers. If this went on for ever, by and by

the sea would roll over the whole world. But

there is a counterbalancing influence at work. The

result of this influence we see iii the form of the

long line of shells and other marine refuse which

encircles many portions of our coast. At first glance

we might suppose this to be caused by the winter

storms dashing the sjiray, and the debris along the

beach Avith it, high above the ordinary tidal mark.

But a slight examination sliows that this theory

is an erroneoiis one. In those old sea-beaches

lying some way inland from the present ones, we

see that the material of wliich they are composed is

much the same as that on the shore over which

the sea rolls twice a day. Shells are their chief

constituents. The shells, moreover, are to a great

extent unbroken, and in many cases evidently in

the position in which, when they contained ani-

mals, they had lived in the sand and mud in

which they ai-e still imbedded. It is at all events

clear that they have not been disturbed by the

hand of man, and that the beaches on which they

lie were elevated by a slow rise of the land. This

rise is, we know, going on in many parts of the

world to the present day, while in others there is an

equally clear and gi'adual sinking of the shores. But

if we prolong our investigations, we shall come

upon other shell-mounds which, though at first

sight seemingly the same, are in reality very

different. For instance, on certain portions of the

coasts of the Danish Isles, we come upon enormous

accumulations of dead shells, sometimes five to ten

feet in height, several hundred feet in length, and

in many instances one hundred to two hundred in

breadth. We see that these mounds occur only at

intervals. That in itself is not important, for the

whole coast, even when of the same character, need

not necessarily have afforded places for marine

shells to live. We also see that these mounds are

elevated, like the old sea-beaches, at considerable

heights above the sea-level. A closer examination

of the Danish shell-mounds, however, reveals many
differences. For example, while, on the neighbour-

ing shores and in the raised sea-beaches with Avhich

we have already made acquaintance, the shells are

of all ages, in the mounds under consideration

they are chiefly adults, the young being notably

absent. Again, these mounds are not composed of

the shells of molluscs all living in the some locality,

and therefore could not have been found naturally

in each other's company. This at once strikes a

fatal blow at the theory that they belong to a raised

sea-beach. Nor do we find the heaviest shells

lowest down, as is always more or less the case

when water has had anything to do with the sorting

of materials. On the contrary, we find big and

little, light and lieavy, mixed iq) in such a manner

that it is evident that since the component members

of the shell-momids came—no matter how—into

the jiosition theynow occuj)y,the sea has had nothing

to do with them. On examining these mounds

more closely, it is found that they contain the bones

of animals, and among these the bones of some

species now extinct, but which it is known have

existed in the North of Europe within historical

periods. A still more exhaustive search discloses

a few of the most piimitive tools. These consist

of rudely-formed weapons of flint, with splinters

which have evidently been detached in the manu-

facture by chipping of their primitive knives

and arrow-points (Figs. 1, 2, 4, and 5). Along

with the flint weapons—which show without any

jiossible doubt the presence of men at the time

these moimds were formed—we find some rude

pottery— the work evidently of the most un-

tutored artists; an im[)lement which is believed to

have been a spindle; charcoal, and cinders. The

bones are those of wild animals, such as might be

used for food. No domestic animal, except the dog,

has left any trace in these shell-mounds; and in

vain do Ave search for the presence of iron or of



HISTORY OUT OF REFUSE HEAPS. 103

that V)ionze which, iicconlin;; to archaeologists was ami not due to any natural cause ; that the men who
chanictcrLstic of a still earlier and less civilised made them lived at some very remote period.

Pig. 1.—Danish Flirt Instruments of the Early Stone Age.
'!) Spear-hcaJ. front and pronio; (!) Uatcbct, front and proflli- : p) Semper, for .In-Rslni; skins. A-r. : (i) Knlf.; ; (i-r) " Worked Flints," probably

Sin'ar-hcads siiollt in tli'- making ; («, U) SiH-ar-luad»i.')

penj.lo than those who constructed their weapons otherwi.se the bones associated with them would
an<l domestic utensils of iron. It is thus clear that have been those of animals either now found in

the Danish shell-mounds were the work of juav, Denmark, or which have become extenninated at
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a later period than we know the bones of those

found in these mounds have ; and lastly, that the

men whose work these heaps of shells are were of a

low type of civilisation, and, at all events, very

different from any Danes with whom the very

earliest histories have made us acquainted. These

are the " conclusions " from the " premises " before

us—and ver'y justifiable ones, too, according to all

scientific methods of reasoning.

The next step in advance is to find out, if we
can, who were the peo2:)le who made these shell-

mounds, and for what purpose or in what operations

parts of the coast where the sea wears away the

shores, they have long ago disappeared, a great por-

tion of Denmark being elevated but little above the

sea-level. They are also found in close vicinity to

the water, the exceptions to this rule being in cases

where it can be proved that their locale has been

altered either by slow elevation, by lilting up the

sea with mud, or by the formation of peat, which

has made inroads on the sea. In no case, however,

where they have been undisturbed are they found

within reach of the waves even dui*ing the roughest

of weather—another proof that those who formed

2.

—

Danish Flint and Hokn Implements of a later Date and of moee finished atANTjrACTTJEE than those
REPRESENTED LN FiG. 1.

(1, 2) Common Types of Arrow-heads
; (3) Arrow-head of Reindeer Horn ; (4) Spear-head, not polished, but more finished than the rudely chipped

ones ; (5, 6) Aie-hammerB, drilled lor Handles.

they were made. Now, should we confine our

observations to those on the Danish coast, we might

ari'ive at sufficiently accm-ate conclusions, but still,

as the data are limited, it is as well to inquire

whether such mounds are confined to the shores of

the Scandinavian Islands, or are more widely spread.

Following up this investigation, we find that not

only have they been observed in the island of

Sseland, that on which Copenhagen is built, and

especially along the shores of the shallow inlet

known as the Isefjord, but they are also found on

the coasts of the isles of Fiinen (Fyen), Moen, and

Samsoe, in Jutland (Jylland), along the Liimfjord,

the Mariagerfjord, the Randersfjord, the Koling-

sund, and the Horsensfjord, and, most probably, also

along the southern part of Denmark, though still

waters seem to have been loved of the shell-mound

builders. It is, however, possible that the reason

why we find them in such localities is because on

them must have lived in their close vicinity, other-

wise they would not have been so careful to put

out of reach of destruction heaps of materials so

seemingly valueless, though artificial. If we may
have formed any theory which would make these

shell-mounds in any way specially connected with

the North, or its early civilisation, it is speedily

dissipated by discovering that not only are they

found in Denmark, but also in Sweden, and not

only in Scandinavia, but also in the extreme South

of Europe—for near Mentone, in the Gulf of

Genoa, ai-e heaps almost identical—and likewise

along the shores of Great Britain. The latter are,

however, to all appearance, judging from the re-

mains, the woi-k of a people of a later date, though

the uses to which they have been put are identical.

The Scottish shell-heaps bring us up nearer to our

own times, and lead us to ask whether or not people

in a low stage of civilisation—in other words, those
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who are faiuiHiirly Ciille*! siiviigrs— liavo not in tln-ir

Ix'Inngings something Kiiuiliir U) those oKl slii-ll-

heaps c)t" the shoi-es of EiirofX! I We do not re<juii-e

to seek fur atiehl ; for whei-ever we tiiid a eoast-

tril)e of savages, tliey live to some extent on shell-

fish, anil whenever tliey have abundance of shell-tish

to live upon they have, not far fi-oni the doom of their

huts or wigwams, foruieil mounds which luv identical,

except, of coui"se, in the kind of shells and other

in hrief, tin; refuse heaps of the lazy, mollusc-loving

Indians. They eat the clam, the cockle, or the

oystei-, and toss the shells outside their doors.

They devour a wiltl duck, a grouse, a siilmon, a

deer, or a l)eaver, and dejK)sit its well-picked bones

in the same general recei)tacle. They split the

elk's leg-bones to obtsiiii the marrow, and into

the refuse heaj) go the dutjecla ittembru of that

marrowlcss ft-niur and tibia. A hunting-spear Ls

Km IlJ.N-MlM't.stltS ANL> THKIR DWELLINGS,

remains composing them, with those which we have

already briefly described. Along the whole shores

of North America, on those of Brazil and Ecuador,

and even in Australia, these shell-heaps are found.

From Newfoundland to Florida there are immense

mounds of them at intei'vals along the coast, and the

pre.s<Mit writ<-r has inve.stigate<l them on the shores

of Vancouver Island and British Columbia, wiiere,

as at Beiicon Hill, in the vicinity of Victoria, they

contain flint weapons no longer u.sed among the

coiust natives. In the.se regions we do not, however,

require to sj)eculate regarding their mode of forma-

tion, or presjige it from an inductive study of the

contents, for they are still being formed. They an',

62

broken, and in due time to the refuse heap go

the fragments. In a word, when the hvniter's

lodge is swept—and even Indian lodges are

sometimes swept, though not always recently'

—

all the fi-agments of his meals, his .sjKtrts, and liLs

industries, such as they are, are deposited among
the shells close by. But if there is on the muddy
flat within a stone's throw of their door a l>ed of

*' clams," or other mollu.sc, natunilly it forms tlie

staple of the Indian family meals, and its bulky

shell accordingly composes the greater part of the

ever-increasing shell-mound by the single hut, or

the hamlet where the icthyophivgous ti.shei-s live.

Indeed, it comes within the writer's knowledge that
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sometimes these shell-mounds, and other refuse

heaps, have become so iTncomfortably large that the

Indians have had to remove the village. In a more

refined state of society, the refuse would first have

been removed, but lower down in the scale of civili-

sation a contrary state of matters prevails. But we
need not go all the way to Vancouver Island to see

such a shell-mound in process of accumulation. At
anv fishing-village along the coasts of England or Scot-

land, an almost exactly similar one is being formed

in front of the village doors. Ask the fisher-folk of

Yorkshire, ISTorthumberland, or Lowland Scotland

Avhat such a mound of oyster, cockle, and mussel

shells, and other domestic refuse, is called, and they

Avill tell you a "midden"—an expressive old word of

Danish origin, which has unhappily been allowed to

drop into obli%T.on, or to be consigned to the limbo

of too homely or slightly vulgar expressions. Need

we, thei'efore, doubt what are the Danish and other

shell-mounds which early in this paper we made

the acquaintance of ] They v.-eve the refuse-heaps

of the very ancient coast tribes—we shall not say

savages—who dwelt along the coast of Denmark

before books were wi-itten, or runes engi'aved by

mortals lo\"ing immortality. Indeed, so evident is

this that the Danes have applied to them the name

of Kjoekkenmoeddiiiger,''' or '• kitchen middens,"

from Kjoehken, "kitchen," and Moeddlng, " refuse or

rubbish heap." Under this name, accordingly, they

are now known to science, and " kitchen mid-

dens " we shall accoi-dingly designate them so long

as we ask the reader's attention to the curious tale

which they reveal.

Wliat, then, do we learn from them? Lordly

monuments some nations have left to record their

jirowess or their greatness. The frail huts even of

the rude rearers of the kitchen middens have long

ago passed away (Fig. 3). Others leave their records

on their tombs—if not in inscriptions, at least in

their arms and utensils, wliich are to be used in the

happy hmiting-grounds ; while the tell-tale skull

enables us to know what manner of intelligence

this unlettered forefather of ours had. But no

trace of carven stone, not a bone of his, not an arm

save the rude flint spear-head, not a domestic utensil

save the broken potsherds which were tossed aside

as worthless, have descended to us who have come

into the heritage of the Kitchen-middeners. A
peojile have passed away, and left theu' history to

be deciphered from their dunghills !

Yet that history is not an iininteresting one, and

* Tliis spelling is now somewhat archaic, aud has given place

to kOkkenmoddinger.

the materials we have to deal with have, in careful

hands,t proved much less deceptive than many a

ponderous volume of lying chronicles. It is evident

that the life of the people who accumulated the

kitchen middens was a merely animal one. If they

had a higher life than that which was devoted to sup-

plying their slender wants, we shall never know it.

There is no likelihood that they knew anything of

the art of agriculture, or that, with the exception of

the wild berries of the woods and moors, they had

any vegetable food. As sea-weeds are scarce in the

Baltic, it is not probable that, like the Eskimo,

they could vary their flesh and fish diet with this

homely fare. In some of the mounds there are

remains of charcoal and ashes, and in the con-

tiguous soil a dark carbonaceous-looking matter

which is probably the ashes of the eel-grass, or

btendeltang (^Zostera), — about the only marine

plant which at this day borders the coasts of the

Danish islands. Less than two centuries ago this

eel-grass was employed for making a coarse salt

by macerating the leaves of the plant, and it is

not unlikely that those very old Danes also used

this means for obtaining some material to flavour

their tasteless diet, the Baltic being very brackish,

and not a very promising source for salt. The

shells wliich make up the greater part of the

kitchen middens are the common oyster, cockle,

mussel, and periwinkle (Littoi'ina), their i-elative

frequency being in the order in which they have

been mentioned. Herewe see evidences of some great

physical and biological changes. Tlie oyster, which

seemed to have formed the bulk of the meals of

those simple Epicureans, has now almost entirely

disappeared from all the regions east of the Katte-

gat, and more southei-ly than the shore-line of

S»land. In the Kattegat even it now only exists

in isolated indi\iduals, and nowhere in such abund-

ance as would supply food for any great number of

people, even with that toil in searching for them

which himgry and most likely very lazy Kitchen-mid-

deners would never devote to them. At one point

only— namely, between the island of Lffisso and the

northern extremity of Jutland—has an oyster-bed

ever been worked within the memory of man. At

one time a few were got from a locality at the en-

trance to the Isefjord; but the great increase of

+ In addition to much infomiation obtained du-ectly in Den-

mark and elsewhere, and from the original investigators and

their collections, it is almost needless to say that the data here

given owe nearly everything of value to the researches of

Steenstrup, AVorsae, Forchhammer, and Lubbock, and to the

memoir of Morlot in the Bulletin de la Suciete Vau.doise de&

Seknees Nat u relics, t. vi.
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the common starfish, which preys on theui, led to

their fXtenuiiuilioii. Vet in ancient times the

•whole of the Isefjonl was one gi-eat oyster-betl, ami

in that inlet tliere can still be seen in sUu deaU

theven,'old Danes the whelk (Buccinum nassa and

B. unJulunt), botli of which, thoiif,'h inferior fuotl,

ai-e still eaten, and Venujt jxtlustni, also an dlible

shell-fish, though, like the other two, not much in

Tif. 4.—SHownfa th« paoaxBLS Wat ni which the Earit FLrrr Weapoks wese csed.

O) 8«w: iSi CbiMl: i3j Koifi': 'l> Ax.f ol chipped Flint; (ij -Sprar of ground .StoDt-; (.«) Axi- of p..lislj. J Stone.

«hells, showing that the animals originally in them

must have been destroyed by some jthysical change

in their surroundings—probably by a decrease in

the saltness of the Riltic. We also find the i^eri-

winkles and cockles of the kitchen middens larger

tlian those at present found in the Baltic. In

a<lditioii to the oyster, periwinkle, and cockle, we
tiuil in the«e monuments of the gastronomic tastes of

request, and rather rare in the Danish waters. C'l-Jibs

are iincommon in the sea atljacent to the sites of the

old fish-eating savages, and accoinlingly theit» are

few tiaces of any kiml of crustace-.t. Coil (or, |ier-

hafis, dorse), flounder (or dab), and eel bones are,

however, abundant, but those of the hen-ing are the

most common of all. Tliese i-emains not only

give iLs an inkling as to the dietanr* of these extinct
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savages, but also enable us to learn that tliey must

have had canoes, otherwise they could not ha-s-e pro-

cured oysters, which are found in deep water

;

wliile the herring and cod rarely come in so close to

the shore as to be able to be captured by a people

without some kind of craft, either rafts or rude

" dug-outs." such as are used by the least mechani-

cal of modern barbai'ians. Eels—a favoiu-ite dietary

of the Kitchen-middeners—seem, curiously enough,

to have been in these remote times common in the

about forty years ago. At all events, since that

date none have been seen in its old haunts, and a

specimen would nowadays be worth rather more than

the conventional " king's ransom." At one time

it was so exceedingly abundant in Iceland, New-
foundland, Orkney, and other northern localities,

that ships' crews were in the habit of provisioning

their vessels with it, and no doubt the old Kitchen-

middeners found its squat, fat carcase an easily

acquired addition to their by no means monotonous

Fig. .5

—

Showing the probable Wat in which the Eaklt Flint Weapons were used.

(1) Adze of chipped Flint ; (2) Iniplcmeut allied to the Bulas of South America ; (3) Hammer.

same localities as they are in our day. For ex-

ample, the neighbourhood of the town of Aalborg is,

as the name of the place signifies, famous for its

eels, and it is just in this vicinity that the kitchen

middens yield the gi-eatest number of their bones.

As might be expected from a shore-living people,

aquatic and palustrine birds were those which

they chiefly used as food; among these, the wild

swan, wild geese, and various species of ducks.

The capercailzies' {Tetrao Urorjallus) bones are

also found ; and what is still more interesting, in

the kitchen middens we come upon remains of

the all but -odngless bird, the great auk {Alca

impennis), which, owing to the facility with which

it was killed, is believed to have become extinct

diet. The domestic fowl is absent, nor have

the kjoekkenvioedJinger yet yielded any remains of

the two swallows which now fi-equent Denmark,

nor of the stork so common on roofs and on church

towers in that country, and the domestic sjiarrow

of cosmopolitan habits. The most numerous

quadrupeds which—judging fi-om the relative

abundance of their remains in the shell-heaps

—

supplied the " table " of the Kitchen-middeners

seem to have been the red deer [Cei'vus elapfms),

the roe (Cervv^ capreolus), and the wild boar

{Hus scrofa)—the last now extinct in Denmark.

The urus [Bos jwiinujenms), the Beaver (Cobtor

fiber), and the Grey Seal (HaUchmrtis gryphus), are

also so often met with that they must have supplied
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inuc-li of tlif footl of thfst' primitive jM-ople. Tlit*

btiiver liiis not bet-n known as an inliahitant of

Denmark for more than !>()(> yeavs. Tlie seal, though

rare, is still occasionally seen in the Kattegjit

;

while the urus or wihl ox has U-en long ai;o extinct.

It wiis seen hy Cwsar ; and one of the hist riH-'ords

we liave of its existence in Eui-o|)e is in a manu-

Bcript of the tenth centuiy, in which it tigiui-s

among the viands that a|»i>eaired on the tahles of

the monks of St. (.Jail, in Switzerland. The elk

and the reindeer have not yet been found in the

kitchen middens, though it is highly probable that

thev were contemiK)raries of the j)eople who maile

tlie-M* ujounds. Among other <
juadrujK'ds, the bones

of which have been disinterred from the.se refuse

he^ips, aix' those of the wolf, the fox, the lyn.x, the

wild cat, the sable, and the otter ; but none of them

are .so common as those already noticed. The lx)nes

of the hedgehog iind the water-rat are also accident-

ally found, as well as bones gnawed by these latter

animals. No trace of the hare, a common animal

in Denmai-k, has been found. This curious omis-

sion may be accounteil for by the fact that, from very

early times, the Northern people have regarded this

animal with sui>erstitious feelings, and accordingly

the Kitchen-midtlener might have objected to cat it,

except when com|)elled by the direst necessity. A
small-^ized dog is the only domestic aninial whose

lx)nes have been found. Its habits .seem to have

been ver}' much the same as its modem rejn-esen-

tative's. Give a domestic dog the cai-cases of birds

to devour, and it will be found that it will swallow

all the bones e.xcept the long ones. Accordingly,

it is interesting to fiml in the kitchen middens

numei-ous gnawed long bones, off which all the

cartilaginous j)ai'ts have been stripped, and on

M-hich the marks of the teeth of these old carni-

voi-a are di.stinctly seen. It is al.so not unlikely

that the Kitchen-middenei"s ate the dog, as is still

<lone by many modem savages, and, indeed, by some

j>eople who would be shocked to have .such a name
applied to them, for on its l)ones are ofti-n fountl

the marks of knives. The bones of young nestling

birds, of which at jiresent thei-e is a great consump-

tion in Jutland, are absent from the kitchen middens.

We nuLst not, howe\er, conclude from this negative

evidence that the primitive people were absent from

the Danish shores from May to August, for it is

moi-e than likely that the dogs which n*jected the

long bones of birds as inconvenient to swallow,

devoure<l the .slender and all but cartilaginous skele-

tons of the young ones, ju.st as .some people devour

quails whole. Indeed, we know that the.se men must

have i-esided on the shores of old Denmark during

the whole year, for in their refu.se-heaj)s we find tho

horns of the deer or roebuck, as well as the embryonic

skeletons of these species, and of the wild hog. Tlie

presence of the Ixjnes of the Wild Swan {Aiuui

ci/f/uun) show clearly that the Kitchen-middenei-s

must have l>een on the coa.st during the winter, for

it is oidy iluring the winter that this bird makes it>»

appearance in Denmark. On the approach of .spring,

it betakes it.self to still more northem regions. " It

is then esiK-cially," writes M. Morlot, " that is heard

its harmonious song, partaking of the sound of dis-

tant l>ells, and of the .^olian harp, whence, doubt-

les.s, the myth of its death-chant." It is, therefoi-e,

in the highest degree proljable, though we have no

di.stinct evidence of the fact, that a people who

fre^piented the bleak shores of the Baltic during

the winter, would also live on them during the

pleasant Northern sunnner.

What the Kitciien-middeners did with their dead

we know not. Perhaps they burned them. At all

events—unless some round little Lapp-like skulls

found in the peat are theirs—not actual ti^aces of

the men whose " middens " we have Wen investigat-

ing have been found. Here and there in some of

them we come upon a skeleton, but these skeletons

are simply those of some shipwrecked seaman, who
hits been buried in the dunghill of a i-ace who have,

like him, left no record behind them. The people

who came after the Kitchen-middenei-s, judging from

the imjKjsing tombs which they have built, seem to

have been great resj)ecters of the dead ; and, no

doubt, so were their predecessors, but all is conjec-

ttire. There are, however, no gi'ounds for believing

that they were cannibals, for in these remains of the

barbarous feasts, tliose of men never occur. A few

nule flint or whiustone weapons (Figs. 1, 4, 5), and

some bits of pottery moulded by the hand (and, as is

the ca.se with the j)ottery of some .sjivage people of

our day, mixed with sand to prevent it cracking in

the fire), are the chief traces of the handiwork of

the people about who.se dinners we know so much.

Here and there we find—on the sea-.shore—heai-ths

of stones, on which, it is prolable, on some of their

fishing excursions, the Kitchen-middeners cooked

their rude meals ; and mixed with the pottery, it in

observed, is some of the sand formed by the action

of fire on the granite stones out of which the.se fire-

places are formed. The.se angular &ind-grains give

the potteiy a better consistence. Hence the Kitchen-

middeners, though a j»rimitive, were not altogether

an unul)serving people. The flint weajMins are mostly

verv rude, but now and then one of a more elalwnite
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construction is found, and the marks on the bones

split for marrow, and on others, show that they

used sharp knives, well ground, for separating the

flesh. So that the presence of splinters and roughly-

chijjped tools in the kitchen middens may only mean
that they threw away the badly-made, or s^joilt ones,

and kejit the finer specimens, which would account

for their rarity in the refuse-heaps (Fig. 2). There

are also found in the kitchen middens numbers of

roughly-he^ni pebbles, specimens of which are also

picked up imbedded in the neighbouring peat-bogs.

These, it is believed, were sling-stones, or weapons

of some sort, throAvn at bii-ds or larger game, or

perhajis at each other in their i^ettj tribal wars.

Bits of cut deer-horns, awls, chisels, and even combs,

neatly fashioned out of bone and horn, have been

among the "finds" in the refuse-heaps of this

shadowy race. One other fact we may note, and

that is that in the fabrication of theii* instruments

and objects of bone, they selected that portion of

the skeleton of the animal which is densest and

sti'ongest—namely, the inner side of the radiiis, or

chief bone of the fore-leg. This proves, in the

absence of other direct testimony, that these primi-

tive Scandinavians were by no means deficient in

practical sense and foresight.

Who were these people we know not, and as to

whence they came, or in what manner they disap-

peared, liistoiy is equally silent. Nor is it any

more likely that we shall ever learn the fate of

the Kitchen-middeners, than " what songs the sirens

sang, or what name Achilles assumed when he went

among women." It is vain to speculate as to the

gods they woi'shipped, or the demons they feared—

-

as to what were theii* loves and their hates ; or, in

this earthly here, of what kindlier hereafter they

dreamed. It would be equally idle to try to fix

an even approximate date for their ei'a. All we
can say is, that the Kitchen-middeners must have

lived a long time ago. In all likelihood, there have

been, since the time this ancient people flourished,

some changes in the physical geogi'aphy of the Baltic;

though this need not excite surprise, as it is con-

sidered by many probable that the Oxus has changed

its course within historical times, and the Bun of

Kutch is, we know, of veiy recent date.

We have seen that the size of the shells makes
it likely that the sea was, at the time of the forma-

tion of the kitchen middens, Salter than at present.

It is just possible that this may have been owing to

the Baltic in early times being in communication

with the Arctic Sea, or, through wider channels than

the present one, with the German Ocean, though

this is a question too iiiti-icate to discuss in this

place. The presence of the ca2;)ercailzie in the

kitchen middens also proves that the Scottish fir,

on the buds of which it feeds, at that time clothed

the shores of Denmark ; though since the dawn of

history, the fir has never been known as a wild tree

of the country. In the peat-bogs, we find a layer of it,

and over this layer one of oak, and over all is grooving

the prevailing and characteristic tree of Denmai'k,

the beech, which is so familiar nowadays as the

chief ornament of the wooded shores of the Sound.

Did a stronger I'ace, armed with weapons of bronze,

appear in the country, and, after the manner of

stronger races genei-ally, civilise the Kitchen-mid-

denere off the face of the earth ? Were they driven

to the inhospitable Land of the North Wind, and

are now known as the Lapps or Finns ? Did some

catastrophe—some gi*eat inroad of the sea, such

as that to which the Danish isles are no strangers

—overwhelm the humble dwellings by the side

of the dunghills 1 There are vague evidences,

which some think suflicient to prove this. But

we know not. All that we are certain of is, that

at very early periods—perhaps contemporaneous

with the Cave Dwellers of England, France, and

Belgium—there lived on the Danish shores a rude

race, who left no more pretentious monuments

behind them than the refuse of their dinners ; and

that in the study of these refuse-heaps, modern

savans have exercised their reasoning jwvvei-s in

writing the histoiy of a vanished race.

WHAT IS IN THE INTERIOR OF THE EARTH?
By "William Durham. F.R.S.E.

THERE are many questions in science which, in

the present state of our knowledge, cannot be

directly and definitely answered. It is of interest,

however, and useful for the advancement of know-

ledge, that we should investigate such problems,

and give an outline or sketch, at any rate, of what

the answei-s are likely to be. As the artist draws

first in I'ough outline the subject of his picture, and
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^^luliiiilly fills ill the details, shading one part and

l)iinj;ing into proiiiinenee another, until the whole

is i>ronounced hy eoinpi-tvut jud-^fes to 1m' " true to

nature," so the man of science niay niaj) out

his theory, so far as his present knowledgi' goes,

and gi-udually improve x\\>o\\ it until the plan of

Nature is nuule plain to every observer. Of such a

kind is the answer to the question we have started

with—"What is in the interior of the earth ?" We
cannot directly solve the riddle, but must, in the

meantime, l>e content with moi-e or less prolwblf

conjectures from known facts, trusting to the

gnulual advance of knowledge to till in the details

of the sketch we make.

Like every other scientitic problem involvetl in

obscurity, the one we proi)ose to investigate has

been made, by the imagination of man, to

minist<'r to his love of the marvellous before pa.ss-

ing under the strict regime of scientific induction.

It was supj)osed that the centi-e of the eai-th wjls

hollowed ovit and filled with matter having no
weight, but endowed with enormous force of ex-

pansion. As it seemed necessary to put this empty
space to some useful pui-pose, it was gradually filled

with animals and plants suited to a subteniinean

existence, and, for their benefit, two planets, named
Pluto and Proser]>ine, wei-e supposed to illuminate

the dark abyss. Not to cut this region entirely oflf

from the upjier sjjhere, an opening was suppo.sed to

exist near the North Pole, and definitely fixed as

at 82' latitude, whence the polar light emanated.

Even .so lately ius the time of Alexander von Hum-
boldt, in this centuiy, he and Sir Humphry Davy
were publicly asked by a Captain Symms to under-

take an exi)edition down the huge cavern to investi-

gate the stiite of mattei-s in this teiTa incofjniUt,

if we may call it so.

Of the contents or physical condition of the

interior of the earth, we have no ^Kssitive know-
ledge whatever, but we may infer some things con-

cerning l)oth, with more or less probability, from
ceitiiin facts observed on the surface or crust, to

which alone we have access.

We shall fii-st describe the %-arious phenomena
which seem to l)ear on the sulyect, and then give

thf conclusions whicli men of science have drawn
from them, indicating those which iijiix-ar most
probable.

(1) If we examine the temperature of the

crust of the earth, so far as we can do .so by means
of deep mines, well-borings, <fcc., we find, after

leaving the region under the influence of the sun's

lieat, that the tempcndure increases 1 Fa/tr./or even/

50 OT-GO/eet we desceiul towards tlie interior. Thus,

sup|)Ose at our .starting-point the thermometer indi-

aites a temi>erature of 40", at 50 feet lower d(jwn

it will imlicate 41"; at 100 feet, 42"; at 150 feet,

43"
; and so on, as far as we can reach in our deejKJst

mines and wells.

As we know that the rocks of which the earth's

crust is composed can l>e melted if we subject them

to a high enougli temi)emture, it seems natural to

suppose that if the temjx;rature goes on inci-easing

at the same nxte beyond the depth we can reach,

there will be a point, not very far from the surface,

where these rocks will exist in a melted or fluid

state. This point has been calculated to be about

twenty or thirty miles from the surface. Of course,

the melted rocks must, at that depth, sustain an

enormous pressure, as they have to bear the weight

of the twenty or thirty miles of matter above

them.

(2) Over the whole surface of the earth we have

evidence of great internal heat, in the shape of vol-

canoes, earthquakes, and hot .si)rings. Volcanoes,

as we know, exist in various parts of the world,

and throw out immense quantities of melted rock

or lava, hot ashes, and Aapoure of various kinds.

We have evidence, also, that this action is not con-

fined to any particular regions, but has, at one time

or another, manifested itself in every part of the

world. Earthquakes also, at various places and

times, .shake and rend the solid ground, while hot

sprmgs perpetually bring up water at a high tem-

I)erature, sometimes projecting it, with great force,

high into the aii-.* All these things undeniably

prove the exi.stence of a high tenq^rature and great

pressure somewhere in the interior of the earth.

(3) Another fact of a somewhat different oixler,

which we must consider, is the shai>e of the earth.

This, as eveiy one knows, is not that of a perfect

sphere or ball exactly, but is flattened slightly at

the poles, .something like Fig. 1, where x and s

represent the two conq»res.sed |)oles, and the dotted

line between them the axis round which the earth

revolves from west to east. This peculiar shape is

significiint ; it indicates that the earth at one time

was a fluid ma.ss to its surface. It c-.m V)e readily

undei-stood that a fluid sphere, whirling round in

the direction of the .arrows, from w to e, \\ould

have a tendency to fly off" into space, owing to

centrifugal foice, like a stone from a sling whirled

in a circle for some time ; but, being restrained

by gravity, the fluid spheiv in cooling would

take the modified form of bulging at the sides juid

• ike Science fur All, Vol. I., \k 225.
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compression at the poles we know the earth to

have : a rigid solid sj)here could not take this

form. We know the tendency to fly off from the

Fig. 1.—Explaining the Form of the Earth, as indicating a
fluid Origin.

equator, owmg to centrifugal force, modifies the

Aveight of bodies there as compared with the

poles. If, therefore, the earth was at one time

in a fluid condition, it must have been at a much
higher temperature than it is now in order to melt

its whole surface.

(4) The density, or relative Aveight, of the earth,

taken as whole, is about five and a half times as

great as that of water ; that is to say, the whole

globe weighs as mucli as five and a half globes of

equal size composed entirely of water. Now, the

average density of the rocks, of which the crust of

the earth is composed, is only about two and a half

times as great as that of water ; while if we take

the ocean into account, the average density of the

whole crust is only a little over one and a half times

that of water. Clearly, therefore, the density of

the interior of the earth must be very high indeed

to bring up the average of the whole to what it

is ; the materials of which it is composed must, as

the saying is, " weigh like lead."

In considering the foregoing facts—viz., the shape

of the earth indicating a fluid origin and high

temperature ; the increase of temperature at a regu-

lar rate as we descend into the interior ; the exist-

ence of volcanoes, earthquakes, and hot springs

—

we seem iiresistibly led to the conclusion that the

earth is in the position of a cooling body ; that at

some far distant period in the past, a thin solid

crust formed on the outside of its molten mass

;

that this crust has gone on increasing as the earth

cooled, until now its thickness is between twenty

and thirty miles ; while below that, primeval fires

still hold their sway, and melt tlie rocks with fervent

heat. We seem to see the whole thins: before our

eyes, just as if we were in a foundry watching

the molten iron running into the sand, the light

dying out and the dark crust foi-ming on its sur-

face, so thin at first, and gi-adually getting thicker

;

although, on disturbing it, the fiery mass shows its

unmistakable presence beneath the quiet crust.

This idea, while ajjparently the most natural,

has also been, perhaps, the most generally accepted

explanation of the condition of tlie interior of our

planet.

In order that we may have a definite idea of the

earth's crust, let us consider a circle like Fig. 2 as

representing the Avhole globe. The thickness of

the circumscribing line will neai'ly represent the

crust, while the inclosed space will represent the

melted or fluid interior.

The foregoing conclusion, although very generally

accepted, was not universally so. Many eminent

men, not satisfied with the idea of such an enormous

melted nucleus (forreasons to be afterwards noticed),

sought to explain volcanoes, earthquakes, internal

heat, &c., in other ways. Poisson supposed that,

at some former period of its history, the earth

passed through some region of space which was at

a much higher temperature than itself, and con-

sequently the earth got heated from the outside

Fig. 2. -Diagrammatic Eepresentation of Earth's Crust and
Interior.

iuAvards to a certain depth, and is now cooling down

again. This idea may be passed over as a \nire

conjecture, for which there is no evidence whatever.

Some others, among whom was Sir Humphry
Davy, imagined the central heat of the earth to be

due to chemical action, which, we know from

exj^erience, to be capable of producing intense heat,

since all the heat we utilise in oiir fires and furnaces

is due to this action ; and it is not improbable that

there is chemical action going on in the interior of
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the earth. Davy, hiiving discovered the alkaline

metals, potassiuui and soilium, fuiiud that they

|)osse>8 -d such an intense affinity for oxygen, that

on coming in cont4ict with water, wliieli we know
to consist of oxygen and hydi-ogen, they decomjK>sed

Fig. 3.—Relative Volumes of the Solid Crust and Supposed
Fluid iHaas of the Kurth.

it with inten.se energy, and, under certain circum-

stances, with explosive violence. He imagined,

therefore, that there wa.s in the interior of the

earth large mai>.se8 of these metals or other sub-

sUmces that acted like them, to which, from cracks

in the earth's crust, the waters of the ocean iK-ne-

tratfd, wh(;n exi>losion.s of great violence took place.

63

giving ri.se to volcanoes, earthquakes, ic, while

the rocks around were melted by the inten.se heat

of the chemical combination. This theory, however

attractive and plausible, was not borne out by

facts. For one thing, if it were true, volcanoes

ought to send forth quantities of hydrogen, the

juoduct of the decomposition of water, which is

not the ca.se. Davy himself had to abandon liis

theory, maintaining, however, that chemical action

still had some part in producing the plK-nomena.

We are thus left, with our first explanation, in

pos.ses8ion of the field. Further consideration will

show us, however, that we mu.st modify the picture

as there drawn, and that the question is not nearly

so simple nor so easily answered as supposed.

Indeed, mere in.spection of Fig. 2 may suggest to

us that the relative thickness of the earth's crust

does seem rather inadequate to restrain within

bounds such a ma.ss of intensely-heated fluid rock.

This idea is gi'eatly strengthened when we consider

that this great mass of fluid material is not left

quiescent or subject only to its own internal forces,

but that it is powerfully acted upon by bodies out-

side of the earth altogether. In Vol. I., page 204,

of this work, in the article " Tides," the action of

the sun and moon in producing movements in the

ocean is explained. Now, the same principles will

apply when the fluid is inside instead of outside

the solid.

In the present case, the action will be all the

gi-eater from the fact that the ocean of fluid rock is

very nearly four thousand miles deep, instead of

four miles or .so, as the outside ocean is.

If, therefore, the interior of the earth is fluid to

the extent supposed, it seems impossible that the

comparatively thin crust could control the enormous

force of the tides

that would be pro-

duced.

Let us consider for

a moment Fig. 1 on

page 20.5 of Vol. I.,

and suppose the outer

ring w to represent

the earth's crust,

while the inner space

E represents the fluid

interior. Under the

influence of the moon the fluid would be drawn out

into the oblong shape as in Fig. 2 (same page), but

in the ca.se we are considrring it would be the

inner ring that would tako this form, and the

result would be some such arrangement as the

Fitf. 4.—Showinjr supposcil Effect of

Moou upon Coujectureil luner
Oceiui Fluid.
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annexed Fig. i, where tlie inner ring bursts tlirougli

the outer.

From such considerations Sir William Thomson,

who has gone very fully into this matter, comes to

the conclusion that it is perfectly impossible the

crust of the earth can be so thin as hitherto sup-

posed, and that to preserve its symmetiy of shape

the earth on the whole must be as rigid as a globe

of glass of equal size, and possibly as rigid as one

of steel.

Sir William further concludes, from a mathe-

matical investigation of the laws of cooling, that

the rate of increase of temperature of 1° Fahr. for

every fifty feet of descent into the earth cannot

continue, but will gradually diminish at depths

gi'eater than we can reach as yet, thus placmg the

point where rock will become fluid at a very much
greater depth from the surface than twenty, thirty,

or even one hundred miles (Fig. 3).

Another objection to the theory of a fluid interior

is this : Considering the earth as at one time fluid

to its surface, and gradually cooling by radiation

into space, it has been assumed that it would

commence to solidify on the outside or surface fii'st,

just as water becomes ice first at the surface, and

gradually thickens inwards. But it is by no means

certain that this would be the case ; indeed there

is good reason to suppose the very reverse, and that

it would fii-st solidify at the centre, and gradually

thicken outwards.

The pressure at the centre of the earth we know
must be enormously gi'eat, and we also know that

pressure modifies greatly the temperature at which

fluid bodies become solid. Water, for instance, at

the ordinary pressure becomes ice at 32° Fahr. ; but

if we increase the pressure on its surface it becomes

solid at a temperatiu'e lower as the pressure in-

creases. By enormous pressure it has actually

been kept liquid nearly at zero Fahr. Thus the

effect of pressure on water is to keep it fluid at a

temperature at which it would be solid if the

l^ressure were withdrawn. All bodies that expand

in the act of becoming solid act like water with

reference to pressure. On the other hand, all

bodies that contract in the act of becoming solid,

have the temperature at which they become solid

raised by pressure ; that is to say, these bodies

become solid at temjieratures so high that they

would become liquid if the pressure were witli-

di'aAVTi.

As the result of experiment, it appeal's that tlie

rocks of which the earth is composed belong to the

latter class, or contract as they become solid, and

thus the great pressure in the interior of the eai'th

will tend to solidify them, even although the

temperature should be high enough to keep them
fluid at the surface.

Let us sujipose the fluid mass of the earth just

a little above the temperature at wliich solidification

would take place, and then the pressure caused by

gra\ity to be aj^plied. Whether it will first solidify

at its centre or at its surface will depend on whether

the pressure raises the temperature of solidification

at its centre, or its actual temperatui'e at that

point higher. If the former is higher, then the

solidification Avill commence from the centre out-

wards, and there can be no permanent solidification

at its surface until all is solid, with the exception,

perhaps, of irregular comparatively small spaces.

If the latter is higher, then solidification will

commence at the surface.

To make this plain, suppose (Fig. 5) a column of

fluid. A, B, at a temperature of say 33" all through

its mass from A to B, and that the temperature at

which it becomes solid is 32". At some point near

the bottom, say at c, let us apply a great pressure.

Tavo results will follow. First, owing to com-

pression, the temperature below c will rise, say to

iO°. Second, the point at which the fluid below

c will become solid will also be raised ; it will not

now be 32°, but higher—say 41°. Then, in this

case, the fluid will solidify first at the a

bottom, because there the point of solidi-

fication is 1" above the actual tempera-

tiu-e, while at the top it is 1° below.

Had the point of solidification been

raised only to 38" by the pressure, then

the top would solidify first.

Thus we see it is possible and even

probable that the solidification of the

earth commenced at the centre, and not

at the surface.

Further, in the event of the earth

solidifying on the surface first, a com-

plete crust could not form all round it,

as we know from experiment that the

solid rock is denser than the fluid ; con-

sequently, it Avould contract and break up in

becoming solid, and sink in the fluid, exposing a

new surface to be cooled, and so on till the whole

mass was completely solid, or nearly so.

Many scientific men, while fully admitting the

force of Sir William Thomson's objections to a

perfectly fluid interior, maintain that, although not

perfectly fluid, the interior of the earth may be hy

pressure in a sort of middle state—neither solid nor

330

Vlg.5.
Showing
Results (.f
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uiiou a

Column of
Fluid.
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Ii(]ui(l, but what is cilletl viscous, like treacle or

half-nu'ltetl wax, on which the tiibil action of the

sun aiul moon woulil have little or no etiect. We
can easily undei-stan<l tills if we agitate a bowl

lilleil with water antl a similar one filled with

treacle, when we may deserve how easily wave-

motion is iuxhIucciI in the former compared with

the latter. Theiv is force in this objection so far

as tidal action goes, but it does not touch the

argument for solidificsition from the centre.

On the whole, then, we must consider this earth

as a gloW soliil to a very much greater depth than

has hitherto been supi>osetl,

and possibly solid to its centre.

If partly fluid, that fluid must

be in a very compressed and

viscous state, and at a tem-

j)ei-atm-e close to its solidifying

point Thei-e probably exist,

however, enonnous cavities

filled with fluid rock which

has hitherto escapetl solidifica-

tion from loc-al causes, and

exists at enormous pressure,

bui-stiiig forth in weak places

of the earth's crust and snvinfr

ri.se to volcanic phenomena.

There may be also, owing to

these cavities, movements in

the solid bo«.ly of the earth

itself, giving lise by friction

to great local increase of tem-

|>erature and possibly earth-

quake shocks.

Ha^•ing thus given an

account of the physical con-

dition of the interior of our planet, can we say

anything as to its chemical nature ? The ciiist of

the earth, so far as we know, Is comjwsed of some
sixty-four elements or stibstances which we cannot

decomiMjse into anything simpler. Some of these

are very dense, such as the metals ; othei-s, again,

are extremely light, such as the gases. We have
seen that the matter in the interior of the earth

mu.st be much den.ser than that on the smface.

Now, the question is, whether this great increase of

density arises entirely from condensation by prcs-

sui-e, or whether it is partly due to the presence of a
gi-eater projKjrtion of the heavier elements. As we
have mentioned. Sir Humphry Davy imagined there

might Ije great ma.s.ses of uncombined metals in the

interior of the earth. We have, however, no well-

ascertained facts to support this opinion, and must

tru-st, in this part of our inquiry, almost entirely to

theory. We need not, however, on that account

refuse to consider it, as Theorj', if properly foundeil,

is often like the morning twilight of rising science,

the precui-sor of the full light of day.

We have traced the history of this earth back to

the time when it was an intensely heated fluid

mass ; but we may go still further, until we find

it as a vajwur in the atmosphere of the sun. We
know that luminary is a body at an exceedingly

high tempnature—so high indeed, that metiils

such as iron, magnesium, calcium, «i:c., exist in its

Tis. 6.—Comparative Volume of the Earth in the Solid (a) and Gaaeons States (b).

atmosphere in a state of vapour. It is throwing
into si)ace every year an almost incalculable amount
of heat, and has been doing so for untold ages. It

must, therefore, in foi-mer times have contained a
vastly gi-eater amount of heat than it does now.
We know that heat expands almost all botlies, and
consequently the sun must have occupied a much
gi-eater space than it does now—so gi-eat, indeed, as

to have included in its sweep the whole planetaiy

system—the eai-th, of coui-se, included (Fig. 7)

—

and, raising them to its own temperature, changed

them into vapour .so that the whole solar .system

would exist as a huge nebula or cloud of vapour,

similar, possibly, to tlie nebula; we see in various

parts of the heavens at the present day. As this

nebula cooled by radiating its heat into space, it

would contract in volume, and in doing so would
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throw off rings of vapour at various stages. These

rings, by the action of gravity and centrifugal

force, form themselves into spheres or globes which

on cooling still further would form the various

planets that now revolve round the parent sun.

Being much smaller than the main body, they would

cool faster and pass first into the liquid and then

into the solid form which they now 2:)ossess. Such

is, in brief, the nebular hypothesis which traces the

origin of the planets to the great central luminary.

of cooling as the former, only, from its greater size,

at a slower rate. From what is going on now in

the body of the sun, therefore, we may judge what

went on in the earth when it was at the same stage

of cooling as the sun is now.

As we have stated, spectrum analysis reveals to

us the fact that the same elements which compose

the crust of this earth exist also in the sun in a

state of vapour. It tells us, however, more than

this ; it seems to point out how these elements are

Fig. 7.—fHE Earth cieculatinu in Space in the Sh.'pe of a Gaseods Star.

Although only a theory, it has much evidence in its

favour, and completely accounts for the form and

physical condition of the earth as i-egards heat.

The evidence of the truth of this theory has been

greatly strengthened of late years by the discovery

or invention of " Spectrum Analysis," an ingenious

process, by the aid of which we know that the

elementary bodies which compose the earth's crust

exist also in the atmosphere of the sun, and by

which we can also ascertain even what the stars

are made of.

Admitting the truth of this theory that the

earth is indeed of a piece with the sun, we see that

the latter is just going through the same process

arranging themselves as the sun cools. It is found

on carefully examining the surface of our luminary

that the heavier elements are lower do^v^^ in its

atmosphere than the lighter, gravitating or settling

down nearer to its centre, so that as the sun

solidifies the heavier metals will be found in greater

proportion in its interior than on its surface.

Should this be found on further and more minute

investigation to be a true state of the case, it

would go far to prove, or strengthen at least, the

idea that the centre of our globe contains a greater

proportion of the heavier elements than the sur-

face does. Of course, this is entirely speculation,

and must not be accepted as established fact ; but
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in such obscure and difticult i)rol)lonis every scmp

of infoniKition is useful and welcome.

We have thus traced to its origin in the far

distant past this worhl of ours, and indicatod whence

it derived that intense internal heat of which we

have such inimistakable evidence. We have

shown that it has reiu-h«Hl that st^xge in its cooling

when its interior is probably solid to the centre, or,

at least, to a great ext^'nt, and the remainder tilled

with greatlv compre.s.sed .senii-Huid material with

here and thei-e large resei-\oii-s of comi)letely melted

rock which occasionally bui-sts through to its outer

covering. We have also pointed out that its

interior may \>e largely composed of the denser

elements, which may act chemically on each other,

aiding in j)ro<lucing the high temperature and ex-

jMinsive force we see exhibited in such various ways.

It may be said that the picture we have drawn

is so vague and indistinct, and our hope of filling

in the details apparently .so small, that the inquiry

is usele.s.s. Hut it is not so. Already the re-

searches of Sir William Thonuson seem to fix, an<l

further researches will probably settle, a time

beyond which life could not have existed on the

cjirth. The important bearing of this on such hypo-

theses as evolution and origin of species, in wiiich

something very like limith'ss time is demanded, is

very evident. When we consider also that not

many years ago it .seemed quite as hoj)eles8 that

we should ever attain to a knowledge of the

elements that compose the sun and stai-s, and now
we not only know that, but are in a fair way of

telling the tempemture of the sun and the pres-

sure of its atmosphere ; when we .see such .scientific

inventions as the telephone and microphone brought

out with such startling rapidity ; when we bear

these things in miml we need not despair of .'ome

day having a sort of earth stethoscope by which

we may l)e able to sound its depths and understand

its inward workings.

HOW SUNSHINE WARMS THE EARTH.
By Rohert James Mann, M.D.. F.R.C.S., F.R.A.S.,

Late Vict-President of the Meteorological Society, et'--.

IN the preceding paper (pp. 110—117) it has

been shown that the interior of the earth is

wanner than its outside, or surface, where liWng

creatures dwell The exact investigations of .scien-

tific authorities have anqily proved that this is

the ca.se. It has been shown that with every

fifty feet of descent down into the solid sul>

stance of the earth the heat increases one degree of

Fahrenlieit's themiometiic scale. In ages long

gone the entire earth was, in all probability, much
hotter than it now is, and it has been cooling since

that time, as a kettle of hot water is chilled when it

is left standing in a cool place—that is, by throwing

off to surrounding botlies and space much of the

heat which it at fii-st pos.sessed. This process,

however, in reference to the earth, has been in

recent days a veiy slow one, on account of the

obstiicle which the den.se outer rocks and Vjeds of

the teirestrial sxd)stance offer to its j>rogi'ess. A
few feet down in the ground the temperature does

not now appear to change year after year. The
cooling of the earth is at this time, indeed, so

excee<lingly slow, that for all pi-actical ])in-poses it

may br looked uj)on as having cea.sed altogether.

M. Anigo, who had given much careful thought to

this sulyect, held that the actual tempenxture of

the earth has certainly not changed to the extent

of one-tenth part of a degi-ee within the last two

thousand years.

Uix)n the immediate .surface of the earth there is,

nevertheless, change taking i)lace in the matter of its

heat from day to day, and from month to month
;

change, too, which amounts to a very considerable

and impoi-tant quantity. This change, howevei-, is

obviously due to an external, and not to an internal,

cause. It takes place between day and night, and

between summerand w inter. The surface of the earth,

wherever it Ls observed, is almost always warmer

during the day than it is at night, and it is always

warmer during sununer than in winter. The

changes between day and night penetnite dovni into

the ground to a depth of three feet, but terminate

there. The changes between summer and winter

penetrate forty feet into the gi'ound, and do not

reach farther than that. The.se facts, familiar and

simjde as they ai"e, have, nevertheless, sen'ed to

establish the conclusion, at which men have for

some time airived, that- the .sensible warmth of the

surface of the earlli is absolutely and entirely duo

to the heat which it receives from the sun, and that
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the "weatlier and climate at any one place depend

njwn the method in which the sun's heat is com-

municated there. The poles of the earth are ice-

hoinid and cold because for a long ]iart of each year

they are turned quite away from the sun, and

because for the rest of the year they receive the

Sim's heat-rays from a low elevation in the sky.

The equatorial and ijrter-troi)ical pax-ts of the earth

are frostless and warm because they are never more

than the few brief hours of an ordinary night with-

out being heated by the direct blaze of the sun-

shine, and because during the middle part of each

day the sun's heat-rays fall upon them from a high

elevation in the sky.

The cold of the Polar regions of the eai-th is very

intense. In the wintering of the exploring ship

Alert, under the command of Captain Nares, just

within the portals of the Great Polar Sea, where

frost reigns supreme all the year round, the tem-

jierature fell very nearly 74° below the zei'o of

Fahrenlieit's scale, or 106" below the point at which

water is turned into ice. Even that, however, does

not adequately represent what the temperature of

the earth's surface would be if there were no sun

shine to w^arm it, because in the cold wliich was

then experienced there were still some dregs of the

past summer's sunshine remaining, and thei'e was

also some little ovei'flow from the sunshine of

happier regions towards the south carried even thus

far by the currents of the ocean and by the wings

of the Avind. In the regions of space, where there

is no solid or heat-absorbing substance placed to

catch and to be warmed by the radiant sunshine,

the cold is almost certainly many degi-ees below

this. M. Pouillet, an altogether competent autho-

rity upon such a matter, inferred, from some inge-

nious experiments Avhich he had devised, that the

cold of void external space must be at least 253° of

Fahrenheit's scale lower than the temperature of

freezing water ; * that is, farther below freezing

water than boiling water is above it. Such would

almost certainly be the condition of things upon

* It is not iiossible to arrive at any exact conclusion in refer-

ence to the cold of external space ; but it is clear from various

consiclerations that it must be considerably beyond that of any

temperature that is experienced ujion the earth. M. Fourier

considered it to be somewhere about — 60*^ Centigrade, or — 76"

Falu'enheit, which, however, is only about two degrees lower

than the cold which was sixbsequently experienced in the

winter quarters of the Alert in 187G. M. Pouillet's conclusion

from his experiments was that the temperature of inter-

stellar space is certainly as low as — 115® Centigrade, and possibh*

as low as - 175° Centigrade. The mean of these figures, and the

temperature which may therefore be assumed as probable for

space, is - 140" Centigrade, or - 221° Fahrenheit.

the surface of the earth in the entire absence of

sunshine.

Recent investigations which have been made in

reference to the heat of the sun have demonstrated

that every square yard of its radiant sm-face gives

out every hour into surrounding S2:)ace as much
heat as would be generated by burning 13,5001b.

of coal, and as would suffice to drive a steam-engine

of 63,000 horse-power for that time. The entii-e

surface of the sun emits in a year as much heat

as would be produced by burning a layer of coal

seventeen miles deep, spread all over the solar

s])here. The proportion of this radiant energy

which the" earth receives as its share amounts to

only the two hundred and thii-ty millionth part of

the whole. But even that is a richly abundant

supply for all terrestrial needs. It is enough to

melt in the year a coating of ice one hundred feet

thick, spread over the entii'e earth as a uniform

shell.

The sun's heat, however, does not fall mth equaL

intensity wpon all paits of the earth. Partly because

the earth has a spherical form, and partly on

account of the w^ay in wliich its spherical body

whirls round upon itself as it sweeps along in its

annual path about the sun, some parts of its surface

get more of the solar heat than the rest. All the

broad zone which lies near to the centre of largest

g}'ratory movement and between the tropics which

limit the range of the vertical sun, gets a veiy large

share ; whilst the opposite portions, which lie farthest

away from this zone, and immediately round the

2")oles of the axis of rotation, receive a share that is

i-elatively very small. The chief reason for this

diffei'ence is that during the warmest pai-t of each

day the sunshine falls more perpendicularly, or

directly, down upon the inter-tropical regions than

it does at any time upon the poles. Every one is

aware how very much more the sun's warmth tells

in the middle of a summer day, when the sun is

high in the sky, than it does in the early morning,

or late evening, when the sun is low. The greater

heatmg power of the more direct sunshine is due to

the cii'cumstance that the heat contained in any

given breadth of the sunbeams is more concentrated

when they fall upon a surface which is transverse,

or directly across, the path by which they arrive,

than when they fall upon one which is slojiing,

or inclined, in reference to that jiath. Thus,

in Fig. 1 let a B, c D, be taken to represent a

columnar beam of noon-day sunshine falling per-

2)endicularly upon the surface of the earth from c to

d; and let e f represent the space upon which a.
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similar lipam wouUl strike when it fell slopingly upon

the siirfuce tVoin the sun low in the sky, either soon

Fie. 1.—Showing: the Incidence and Kelative Heatini? Power of tiie

Suu'm Rayt) ni>ou the Earth at Noon oud at Early Morning or Late
Ereuiui;.

after rising in the morning, or shortly before setting

in the evening. Then, if the length of the line which

stix'tches between F E be measured off, and a line

of exactly the same extent be drawn at F .?, it will

be appai'ent at a glance that the line F E (or F e)

is cousidei-ably longer than the line c D (c d), and

that the incident sunshine included within the

beam is consequently spread over a much larger

space in the case of f e than in the case of c D. The

heat canned by the beam is diffused over a wide

sjtace in the one ca.se, and concentrated upon a

comparatively small space in the other ; and it of

coin-se tells more in producing .sensible warmth
when it is concenti-ated, and tells less when it is

more widely scattered. Towaixls the {X)les the

.stmshine never falls othenvLse than in the oblique

and less heating way at any ]>ai-t of the day. The
sun never rises veiy high in the sky, and for a

gi-eat part of the year never rises into the ^ isible

sky at all. Polar sunshine is therefore at the best

in its heating effects very much like morning and

evening sunshine at other parts of the earth.

A second influence combines, however, with this

concentitition of the heating force of periK-ndicular

Ixsams to produce the gi-eater amount of warmth in

noontide than in niornins and ovcnintr, or in

Polar, sunshine. Perfectly clear and dry air allows

nearly the whole of the heat of inci<lent sunshine

to get through without suffering diminution or

loss by the way. But air that is laden with

moisture, whether in an invisible and transparent

.state, or in the state of visible mist and cloud, does

not permit the same free pa.ssagc to heat. It

stops considerable portions of it by the way, and

either imprisons them in itself, or casts them back

into outer space. If the line of vapour laden air

through which the incident beams have to jw-ss is

a long instead of a short one, then, of coui-se, the

effect is so much the greater on account of the

length, and still more of the sun's warmth is held

back from its proper woi-k of heating the ground

or the sea. As a matter of fact, the sunshine does

j)ass through longer lines of air about sunri.se or

sunset than at noon. In Fig. 2 let e, e, e, e be con-

ceived to represent the curve of the solid sui-face

of the earth ; and a, a, a, a to represent the curve

of the outside limit of the investing air, then the

line of air through which the noontide sunshine

would have to pass would be the short one a, h ;

whilst the line of air which the morning or evening

sunshine would traverse would be the comparati\"ely

long one c, d. As, therefore, the sunshine arrives

upon the ground at morning or evening by a longer

Fig. 2.—Showinp thit the Sun's Rnys have a loiiifer Passatre to
mak« thruuKh the Atmo;ipheru iu the Moruiui; or Eveuiug
tliau at Noon.

air joimiey than it does at noon, and as it also comes

by this longer journey ut u time when the air is
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generally more heavily laden with moisture or

mist than it is at noon, it naturally follows that

the sunshine at those times is found to have been

deprived of a comparatively large part of its heating

power. "What is true in the case of the morning

and evening is also true of tlie Polar regions of the

earth, and, in a degree, of all regions that have

short days and low noontide suns in the winter

season.

The fact that pure dry air is freely and almost

absolutely pervious to heat is an important and

interesting feature in the arrangements of Nature.

It is so important, indeed, that a word has been

contrived to express this characteristic of air with

the shai'p precision of scientific definition. It

is termed "Diathermancy;"* so that this name
stands in relation to heat very much in the same

position that transparency holds in reference to

light. Diathermancy is sometimes familiarly spoken

of as meaning " transparent to heat," and there is

no objection to this familiar rendering of the term

if it is clearly understood that the heat which has

made its way through the permeable substance

renders itself " apparent " in the end, by calling up

the sensation of wannth in the skin, rather than

by producing the sensation of sight in the eye.

The transparency of the air allows luminous emana-

tions from the external bodies of space to reach the

solid surface of the invested sphere. It fits the

atmosphere to act as a window to the earth, through

which men can look upon the outside regions of

Nature, and through which all the gorgeous effect

of illumination and colour can come in to stamp

terrestrial objects with visible and distinguishable

form. To anive at a clear idea of what the earth

would be without a trans])arent atmosphere, it is

only necessary to think of the aspect of London in

a thick November fog. So, also, if the air were not

as freely permeable to heat-vibrations as it is

to light, the earth could not possibly be vivified as

it is through the influence of sunshine. It is the

heat-vibrations from the sun which stir up the

molecules of terrestrial matter to marshal them-

selves into organised forms, and to carry on the

structural transformations ujDon which vitality

dei)ends. Professor Tyndall, by a series of delicate

experiments, which he repeated in detail in his

lectures at the Royal Institution in 1862, satisfied

himself that j^ure air, and the elementary gases,

oxygen and niti-ogeii, of which air is composed,

allow heat-rays of even the feeblest character to

" Diathermancy : from the Greek hia., through, and e<=p/j>),

heat.

traverse theii- substance, without being deprived

of any appreciable portion of their warming power.

It is far otherwise, however, with moist air, even
when of perfect transparency, and without any
trace or taint of visible mist. Air satiirated with

moisture intercepts and absorbs large quantities of

heat ; in all cases as much at least as 5 per cent.,

and in some instances as much as 70 per cent., of

that which is thrown in amidst its molecules.

Moist air thus serves both to soften the scorching

power of hot sunshine which comes in from without,

and to prevent the warmth which has ah'eady made
its way into the solid ground from being too readily

and too lavishly scattered back again into outer

space. It is for this reason that the sunshine on

the tojjs of high mormtains, which are above the

chief mass of the vapour that is incorporated with

the au", scorches and blisters the skin so much
more than the sunshine of the low-lying and moist

i-egions of even the ton-id zone. This is a subject,

however, which vvdll have to be again alluded to

i;pon another occasion, when the aqueous vapour

of the ail- is more immediately under consideration.

On account of the different heating power pos-

sessed by direct and oblique rays of sunshine,

inclined surfaces are apt to be more powerfully

heated by the sun when at a low altitude in the

sky than the more level gi'ound. Thus, if in

Fig. 3.—Showing that OhUquely-falling Rays are less Concenti-ated
on the Level Ground than on the Sloping Surface of a HUl.

Fig. 3, A B Vje conceived to represent a beam of

incident sunshine felling obliquely ujion the super-

ficial space of the horizontal grotuid extending from

c to D, then the same beam would be concentrated

upon the shorter extent, d e, of the slope of a hill

stretched transversely across the i)atli, and would,

therefore, exert more heating power upon it than

upon the level gi-ound. D e in Fig. 4 M^ould

represent the space vxpon which the same amount
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DB

of heat was concentrated in one case, and c d that

upon which it was scattered in the other case.

But the heating effect

of tlie sun does not de-

pend solely ui)on the in-

clination with which the

sunshine falls on the

surfaces that are to be

warmed. As a genei-al

rule, as has been explained in a previous

pa.ssage, the equatorial and intertropical regions of

Fig. 4.—Sliowiog that Incideut
Sunshine is spread over a
Larger Area whcu it falls upon
an Oblique Surface than when it

falls upon a Perpendicular one.

The reason for this minor in-egularity in the

distribution of the heating jxiwer of the sunshine

over the earth, is not, however, by any means

difficult to comprehend. The simple fact is, that

the sunshine falls on difl'erent pai-ts of the earth

iH)on substances which have different capacities for

warming themselves by what they receive ; and

that the heat, therefore, tells more upon some than

upon the rest. Thus, for instance, the sun falls in

some places upon large stretches of water, and in

othei-s ujwn equally large stretches of land. The

Fig. 5.

—

Showikq thb Cottbse op thb Cxtsvxs of equal Tempehatitbe trpOH the Eabth.

tlie earth are more intensely heated by the sun-

shine than the poles, or the temperate regions

which are intermediate between the tropics and

the polea But the lines of equal heat do not

rigidly coirespond with the circles of latitude upon

the earth. Tlius, in the chart which is di-awn in

Fig. 5, the parts of the earth at which the mean
yearly temperature of 80" of Fahrenheit's scale occui-s

are represented by the wa\ang line which runs

acros.s from a to b ; whilst those at which the mean
annual temperature of GO' occurs are indicated by the

line nuining from c to D. The range of the mean
yearly temjxirature of 40" Ls shown in a similar way
by the line from E to F ; and of the mean yearly

temi)eratur(' of 32', bv the line passing from o to u.

64

immediate result of this difference will be seen

at a glance if the eye Ls carried along the line A B

of the chart in Fig. 5. That line, it will be observed,

touches the equator in the great ocean space of the

Pacific, and approaches very near to it in the ocean

space of the Atlantic ; but crosses the large land

space of the continents of Africa and of India,

many degrees of latitude away. The range of the

mean yearly temperature of 80" lies in higher

latitudes over the land than it does over the sea.

In other words, the siinshine j)roduces more heating

effect upon the solid land than it does upon the

liquid surface of the water. Land in reality is

heated four times more than water by incident

sunshine. The surface of the sea on this account
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in no instance exceeds the temperature of 85°
; but

land siu'faces are sometimes heated by sunshine

to 140".

The different extent to which heat takes effect in

warming up different substances is determined by

two quite distinct influences. In the fii^st place,

some substances turn much of the heat which they

receive to some other purpose than the palpable

and sensible increase of their warmth. This is the

case in an eminent degree with water. It requires

more heat to warm water up to any given point,

such as 80° or 100°, than any other substance

which is contained upon eartL But in the second

place some bodies take in only one pa)^; of the heat

which comes to them, and reflect, or throw back,

the other parts upon sui-rounding bodies, or into

surrounding space. This occurs, for instance, with

white substances, such as snow, white linen, and

"wliite paper. If a sheet of white paper and a sheet

of black be laid upon the ground side by side in

the sunshine, any substance upon which they both

rest will be much more rapidly warmed under

the black paper than under the white.

The power of water to absorb and dispose of

large quantities of heat without acquiring an

equivalent increase of warmth is veiy remarkable.

The heat which is sutiicient to raise a cubic foot of

water one degree would raise 3,080 cubic feet of air

to the same extent. This capacity of substances to

absorb large quantities of heat into their mass

without being equivalently warmed up by its re-

ception is termed, in technical language, their

" specific heat." Thus, water is spoken of as

having a higher specific heat, or capacity for heat,

than mercury ; and mercury as having a higher

specific heat than air.*

But if water has the faculty of thus taking into

itself such enormous quantities of heat, without

being warmed in an equivalent degree, it on that

account serves as a most convenient and economical

reservoii- for the accumulated store which has passed

into its keeping. It can go on giving back the

specific heat which it has received for a very long

time before it is exhausted of its ample hoard. In

the chart traced out in Fig. 5, the track of the

mean annual temperature of 80° on the wide ocean

spaces lies very near to the equinoctial line of the

earth, because so much of the force of the sunshine

goes into the water as " latent " or specific heat,

without increasing its sensible wannth ; but the

* The heat which would raise one cubic foot of water one

degree would raise thirty cubic feet of mercui-y to the same
extent.

same track extends some degrees away towards

the north over the continents of Africa and India,

because the land in those parts does turn into sen-

sible and palpable warmth jjretty well all the heat

which falls upon it from the sun. On the other

hand, if the line expressing the range of the mean
annual temperature of 40° be followed by the eye,

it will be noticed that it is earned many degi-ees

farther north over the water spaces of the Atlantic

than it is over the land of the western and eastern

continents ; so much so, indeed, that this seems at

first sight to indicate that upon that track the

water is more warmed up by the sunshine than the

land. That, however, is not the real state of the

case. The warmth, which in this instance consti-

tutes the mean temperature of 40°, is carried up

into the higher latitudes of the Atlantic by a strong

ocean current issuing from the Gulf of Mexico, and

then passing along the coast of the United States

of America, and obliquely across the Atlantic

Ocean far on to the north-western shores of Europe,

and even to the entrance of the Arctic Sea. This

current of moving water receives its heat in the

fii-st instance from the simshine of the Mexican Sea,

but then having turned much of what it has re-

ceived into a specific or latent store, drifts on

over the long ocean tract for 4,000 miles before

it has expended the whole of this cai-efuUy hus-

banded reserve. Throughout the long stretch of

its northward progress it becomes gi-adually more

and more cooled by the slow reconvei-sion of its

latent hoard into the sensible state. The au-

resting upon it above convectively receives all the

warmth which it gives out, and in consequence of

its own low capacity for latent heat in reality

becomes warmed above 2,000 times faster than

the water is cooled. In regard to the water

itself, the cooling is so slow, under the retentive

power exercised by the high specific capacity, that

some important part of the warmth of the Mexican

sunshine actually finds its way to the portals of the

Arctic Sea. A glance at the chart (Fig. 6) will

show how boldly the curves of the lines of mean

temperature are carried up by this influence into

the high northern latitudes of the Atlantic in the

cold month of January. The line of the mean tem-

perature of 40°, which falls very near to Constan-

tinople, in north latitude 41°, passes also, it will be

observed, over the south-western parts of England,

and the northern parts of Ireland, touching in

them the parallels of 51° and 55°. The mid-

winter climate of England is, from this cause, as

genial and mild as the mid-winter climate of the
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Dardanelles. No more striking luul instructive

iiistiince could be adduced of the way in which

the wariuth conununicuted to the eai-th from the

suu.sliine i.s niodiGed iUid matle to tell with les.s or

with greater eliect, according to the six-citic character

of tlie .surface ujKjn which it falls.

But the varied distribution of the land itself;

the j)re.seuce of mountains and hills, or of valleys

and plains; the pixnlominance of hard bai'C rock,

or of [lulverulent, gi~.is.s-covered soil ; the occurrence

of Ijroail stretches of dry, barren sand, or of wet

distribution of heat over the sui-face of the earth.

It gets wanned readily in another way, although

it is incapable of api)ropriating transmitted sun-

shine. When air is placed in direct contact with

•solid or liquid substances that are warmer than

it.self, it t;ikes to itself some part of their heat

—

not by passing it on from molecule to molecule,

and so comluctimj it away, as some bodies do ; but

by currying it Ixxlily off through a never-cejising

succession of ])article aft^r particle. At each fresh

instant new piu-ticles of aii- come into contact with

Fig'. 6.—Showisg the CornsE or thk Ccuves of Mean Tempebature for the Month of Jani;akt.

lx)g and marsh ; and the existence or absence of

broken country, clothed with abounding vegetation,

all contribute in a similar way to disturb the

unifoi-mity of the heating i>ower of the sunshine,

and to prevent the lines of equal mean temiK'i-atures

fi-om being coincident with the parallels of latitude.

The changing altitude of the sun on the noontide

sky, with the advance and recess of the alternating

seasons of winter and summer, of coui-se, still

further exaggerates this irregularity of distribution.

Although pure air Ls so fi-eely permciible to heat

that it allows sunshine to pas.s through without

communicjiting to it any a|)pnciable [)Ortion of its

warmth, it by no njeans follows that air has not a

krge and imjxii-tant jKirt to play in the ultimate

the warmer surface, and take up as full a load of it

a.s they can individually bear, and then hasten away
to afford opportunity for fresh particles to follow in

their track, and to a.ssume their share in the work

of transport. This methoil of ciirrying away heat

by successive relays of peripatetic molecules is

termed " convection," to distinguish it from con-

duction, in which tin; heat jia-s-ses itself from mole-

cule to molecule instead of h.xing itself upon mole-

cules, and moving onl}' with tliem. Moving air or

wind, at a low temj)eniture, feels cold when it blows

against the warm skin in con.sequence of this jiro-

cess. Such wind carries away the heat from the

warm skin by the continued impact upon it of fresh

legions of carrying particles. If air surrounding
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the warm body were still, it would keep the heat

in, because it could then neither cany nor conduct

it away. But air scarcely ever is still. It is itself

one of the most erratic and restless of material sub-

stances. The entire mass of any extended volume

of air consequently gets warmed by the drifting

movements of its own molecules in the end, as

effectually as it would do if the heat-vibrations

could pass from particle to particle. The air drift-

ing above the warm cuiTent that ascends from the

Mexican Gulf to the high latitudes of the Atlantic,

gets heated in this way. It receives, step by step,

all the warmth which comes out from the water as

its latent and husbanded store is turned back from

the latent into the sensible state. The south-west

wind which blows from the sun-heated tracts of the

Atlantic is thus always a genial, warm wind, when
it finally envelopes with its soft breath the hills and

plains of England.

There is, jierhaps, no meteorological fact which is

more pex'sistently illustrated in the every-day expe-

rience of life than the truth that the dii-ection and

movements of the wind have more to do with the

determination of weather than the prevalence or

deficiency of sunshine. When the wind passes over

any place which is warmer than itself, it takes away

with it some portion of the warmth. When it passes

over any region which is colder than itself, it gives

warmth to that place out of its own superabundance.

The south-west wind thus conveys to England in

winter time the soft temperatures of the Southern

Seas ; whilst the north-east wind carries to it the

cold of the ice-bound land and snow-covered plains

that stretch across the high latitudes of Europe.

The sunshine warms the earth, but it distributes

and apportions the warmth which it bestows through

the agency and instrumentality of the air-currents

and the winds. So far as weather and climate are

concerned, the sun is the prime source of warmth

;

but the winds are the administrators of the sunshine.

WHAT ARE THE STAES MADE OF?
By William Ackroyd, F.I.C, etc.

WITH intense yearning must thinking men of

past ages have looked upwards at the starry

sky. There in the silent deep, looking deeper and

vaster the longer we contemplate it, are the " lamps

of the night," each held in its place by some in-

visible means, each giving out light in some un-

known way, each rising and setting with the regu-

larity of the sun. The question would always be

recuiTing, What is a star? and according to the

intellectual standing of the self-questioner would

the answer vary. The wild red man in the back-

woods peoples them to suit his savage but poetic

fancy, and even the philosophic dweller in towns

thinks they are worlds as material as our own : both,

perhaps, deriving their ideas from the occasional

landing of a messenger from space in the shape of a

meteor. Much of this guessing, however, has been

set at rest by the discovery of a means of ascertain-

ing what the stars are ; and it is our object in the

pages that follow to tell how this has been accom-

plished.

When we learn anything concerning a terrestrial

substance, we have to see, feel, and handle it, and

to bring all our senses to aid us in the investigation.

Such a course of proceeding is evidently impossible

with the remote stars, billions upon billions of miles

away, for here only one sense is available—that of

sight. Nothing reaches us from any particular one

of these bodies but its light, and if there be any

secret to discover, it evidently must lie in the star-

beams. Now, the unaided eye discerns certain

differences in the stars, but certainly not suffi-

cient for us to infer anything regarding theii'

nature and condition. They evidently differ in

glory ; some are much brighter than others, and in

colour they may be white or red, orange, blue, or

green. Something more than the eye, however, is

needed to see those peculiarities of the light which

tell the secrets of the stars. We want a " spectro-

scope," with knowledge to use it profitably (p. 76).

To the uninitiated this instrument appears as

strange as its name. Nevertheless, it is really a

very simple contrivance for obtaining in a handy

form that breaking up of light which in the days of

our forefathers and more recent times required a

darkened room, closed and hole-perforated window-

shutters, prism and screen (Vol. I., p. 192). Let

us inquire a little into its history, for no more

interesting task can be put to a student of science

than that of learning the circumstances of birth,
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and the subsequent stages of development, which

have given him the instiaiment in which he takes

a i)ride.

This investigution airries us back to the year

IGGG. The public mind is still distracted with the

roar of Dutch cannon, the echo of whicli has scarcely

left the Thames, and the direful plague is destroy-

ing both high and low. A student at Cambridge,

not yet 32, although known throughout the world for

his splendid discoveries, is deeply bent ujwn solving

another of Nature's problems. "Wars and rumoui-s

thereof interrupt him not, but he is compelled at

length to fly from the plague, and his discovery is

not comjjletetl until after the scourge has left the

land. The man was Isaac Newton : his discovery,

the compound nature of white light Under such

circumstances did the spectroscope receive its birth.

With a beginning so portentous, the ancients would

have i^redicted some gi-eat future ; and, however

fallacious the grounds for such a prediction, it

would for once have been fulfilled. With this

instrument millions of miles of space have been

set at nought, and the sun and stiirs analysed ; new
elements have been discovered on the eailh, and
fresli fields of research have been opened out.

Before proceeding further, we must say a word
as to the meaning of the term spectrum (plural,

spectra), which we have constantly to use. We
know that the light of the sim is split up into seven

colours by a wedge-shaped piece of glass, and by
little drops of falling water (Fig. 1). Now to get a

of a pi-imaiy rainbow. Such a slice of light is a

spectrum. It is a spectrum of the sun's light

Fig. 2.—Si^ectroscope.

formed by falling raindrops. With the spectro-

sco]>e we observe spectra of all kinds of light. To

proceed. Recall to mind Newton's famous experi-

ment, and you see at once the principle upon which

the spectroscope is constructed. You are in a dark

room, and through a single hole in the shutter a

beam of sunlight is admitted. A prism

—

i.e., a

wedge-shaped piece of glass—is placed in its path
;

the light in its passage through the piism is split

up into a spectrum, which is cast on to the white

wall of the darkened room. In the spectroscope

we have a means of perfoiming the same experi-

ment in a compact form. Turn to Fig. 2. The

tube {s I) represents the darkened room, and a slit

at the end (s) serves for the hole in the .shutter.

There is a pi-ism (p), and instead of a screen,

the telescope (t) which magnifies the spectrum

before it is cast on to the retina. The com-

parison may be made in tabular form :

—

Ncicioii's Ejcperimelit.

1

.

'Window shutter

with a hole in it.

2. Darkened room

3. Prism.

4. Wliite wall or screen

to catch the spec-

trum.

Spectroscope.

1. A fine perpendicular slit

(.«) at the end of a tuhe.

2. Tube (» t. Fig. 2) with

slit at one end («) and con-

vex lens at the other (/)•

3. rrisni.

4. Retina to catch the spec-

trum, after being magnified

by the telescope (t).

We need not trouble oureelves here with the

various stages of improvement which have

civen us in the sjjectroscope such a handy
means of ])erforming Newton's experinunt.

Let us rather make a few experiments with

the instrument, to the enil that we may
correct idea of what the j)hy8icists mean by the leam something of those mysterious Ixxlies, the
word si>ectruni, imagine a slice (r v) to be cut out stars.

1 Sjxrcfrum.
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Place a candle before tlie slit at s, and having

covered the prism with a black cloth, take a

peej) into the telescope at t. Yon see what might

be taken for a slice out of a brilliant rainbow,

the spectrum of candle-light. There is no break

in the spectrum, it being imperceptible where one

colour begins and another ends. Such rainbow

slices are called continuous spectra, and are cha-

racteristic of white-hot liquids and solids. The
incandescent carbon in the electric light gives a

continuous spectrum, and white-hot metals like

iron and platinum give continuous spectra.

Now take away the candle-light, and by means
of a looking-glass reflect the light of the sun into

the spectroscope. Take another peep into the

instrument, and see Avhat the solar si)ectrum is

like. The rainbow jmtch this time is furrowed

with dark lines placed side by side at right angles

to the length of the spectrum. A faint idea of

the appearance is obtained from Fig. 3.

The court of Belshazzar could scarcely

have felt so strong a desire to make out the

;, 11 h E
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Fig. 3.—Solar Spectrum.

handwriting on the palace walls as that expe-

rienced by the small band of philosophers who
studied these lines in the sun's spectrum at the

beginning of the present century. Dr. Wollaston

discovered them, but there his labours ceased.

Fraunhofer mapped them, calling some of the more

prominent lines by the letters of the alphabet, and

they are now known as Fratmhofer^s lines. This

observer also found the dark lines in starlight,

although not in the same number and proportion

as in sunlight. Their presence in the spectra of

sun and stars seems to indicate that some common
mystery hangs around them, and feeling that in

solving one we are solving all, we may confine our

attention to the sun, which is really a star among
the myriads of other stars that people the universe.

Here, then, is that peculiarity in the star-beam

which will tell us something about the body whence

it comes, and to interpret it aright we must again

turn to the consideration of spectra we can readily

obtain in the laboratory. We want to see now
whether we can produce any appearance similar to

that presented by the solar spectrum. If we can,

it will be of great inportance to notice all the

circumstances under which the appeai-ance is

obtained. With this object we might first observe

the spectrum of every available source of light.

The electric spark jjassing through rarefied gas

gives a beautifully coloured light. A coloured

light is likewise given by various substances

when they are thrown into the colourless Bunsen_

flame, e.rj. :
—

Calcic nitrate produces a red light.

Lithic cliloride „ carmine light.

Strontic nitrate
,, crimson light.

8odic chloride „ yellow light.

Potassic chloride „ violet light.

When we examine each of these coloured lights

with the spectroscope, we get a sjiectrum of bright

lines — a discontinuous spectrum, no longer a

continuous rainbow - patch, but lines separated

from each other, and coloured according to tlieii*

position. The common salt (sodic chloride), for

example, gives one single yellow line ; the com-

pound of lithium a red and an orange line ; and

each of the other substances is distinguished by its

characteristic lines. So that if a substance, when
put into the flame of a Bunsen

D c B a A ^

burner, gives a yellow line in a

particular position, we know
we are dealing with the metal

sodium ; or, if we see the

orange and red lines in theii

proper places, it is certain we have found lithium.

Should we see lines in the spectrum that we have

never seen before, it is certain we are dealing with

some new element or compound. In this way

our countryman • Crookes discovered the metal

thallium, which gives in the Bunsen burner a

green flame, and in the spectroscoj^e a single green

line. Bunsen, a great Gei'man chemist, likewise

discovered in this way two elements resembling

potassium in many respects ; and a great many
discoveiies have been made in this manner.

Now, by what ai'e these line spectra produced ?

Evidantly, in the case where the electric spark

passes through a vacuum tube, a luminous gas^

gives the bright lines, and a little close observation

will show that in the other cases luminous vaj^ours

produce the line spectra. If one takes a piece of

platinum wire, with a loop at the end, and places-

this loop in the Bunsen flame, with a little strontic

chloride on it, a brilliant bright line spectrum is

obtained at once ; and a few seconds after the

crimson 2>ortion of the flame is seen to rise from

the fused chloride : the chloride is being vapourised,.

and the luminous va]>our gives bright lines. From
these facts we learn, then, that the kind of spectrum^
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depends to soino extent upon the physical state of produce dark lines in a continuous sjiecti-um. To

the light-source. A solid or a licpiid gives a con- try tlie exi)eriiiient, tlie reader niay place a small

tinuous siK'ctruiu ; a gas or a vapour gives a dis- quantity of the strong acid in a test-tul>e, and then

•continuous, or bright line sixjctruin. Conversely, seal up the upi)er i»oi-tion of it with a blowpii*.

F h

Fi^r. 5.—Spectnim of Iodine Vapour.

a continuous spectnim indicates within certain limits

a condition of solidity or fluidity, and a bright line

spectrum a stat<^ of gas or vapour.

Besitles coloured flames, there are transparent

-coloured gases, and it will now be of considerable

interest to turn our spectroscoj^e to their investiga-

tion. Tliey are not sources of light, but evidently

have the ^wwer to abstract some portions of white

light, while the rest is allowed to pass through.

Iodine is a substance of this sort. At the ordinary

temperature it is a solid of a bluish-black colour,

and imperfect metallic lustre. It is most readily

converted into a violet-coloured vapour. Take a

crystal, and put it into a small flask. Then, by

means of the blowpij)e, draw out the neck into

a fine capillary tube (Fig. 4). If the flask be

now warmed, the iodine is vapoui-ised. Whilst

the flask is filled with the violet vapour, interpose

it between the slit of the spectroscope and a light

which gives a continuous spectrum. Dark lines are

now seen in the sijcctinira. Fig. 5 Is a sketch of the

iodine spectnim, at a tempera-

ture a few degi-ees above the

boiling-jx)iiit of water. I em-

ployed a pai-aftin-oil lamp to

give the continuous si:)ecti'um,

and used a spectroscope exactly

like that represented in Fig. 2,

so that the order of apparatus

was this:—(1) lamp; (2) flask

containing iodine vapour
; (3)

spectroscope
; (4) eye. Tlie

Fraunhofer lines, x>, K, h, F are

given so that the position of

tlie dark iodine lines may be

judged of. These Fraunhofer

lines are the .spectroscopist's sign-jwsts, and a spec-

tnim of a substance ought never t^j l>e given without

them. If this point l>e neglected, much confusion

is proiluce<l, and in the case under consideration the

blue end of the spectrum could not Ix; told from the

red by means of the io<line lines alone.

Tlie vapoui-s insiiig from strong nitric acid also

Fij,'. 4.— Flask for Iodine
Vapour.

Fij.'. li—OxitUs
of Nitrogen.

The iKjilion of the closed tube above the surface

of the acid a h (Fig. G) Ls filled with coloured fumes,

which, when examined in the way that iodine vajMjur

was, gives dark lines in the spectrum.

A comparison of Figs. 3 and 5 leads us now
to an interesting speculation. Both the fii>ectr.\

agree in having dark lines. Can it be,

then, that the sun is a great body,

having in itself the power to give out

light, and likewise the power to

abstract some of this light, acting like

the oil-lamp and the iodine vapour

together? With this hint, imagina-

tion conjures up an enormous white-

hot ball to give out a continuous

spectrum, and a coloured atmosphere

surrounding it to sieve the white light,

and produce the Fi-aunhofer lines. It

will be seen in the sequel that this is

very near the mark, although not precisely the

tnith.

The various branches of science stand to each

other much in the same relation as the members
of a business community. Facts and figures are

transferred from one to another to their nnitual

advancement. In this way the science of light is

largely indebted to that of sound ; and hei*e again

we shall have to draw upon the latter for an illus-

tration wliich will enable us to get at the precise

truth respecting these Fraunhofer lines. CJently

jjress downi one of the keys of a piano. Now sing

out several notes, one of which is of the same pitch

as the note you are fingering. The piano will re-

spond, selecting out of the many notes sung tho

particular one that would be emitted by the key

you have your finger on. To take a simpler ex-

ample still. Suppose you have tM-o stretched wires

before you, l)otli in unison. If you twang one, the

other will visildy vibrate ; and if the first one lie

stopped, the seconcl will lie heard to give out a

weak note. Pitch in sound corresponds to coloin-

in light, and just as a string, cajiable of giving ii

note of a particular pitch, will receive that noto
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from a similar string sounding, and give out the

note in a weakened degi'ee, so a source of light of

a particular colour "will receive light from another

source of precisely the same colour, and appear to

give it out in a weakened degree—in other words,

the vapour of a metal at a lower temperature will

absorb exactly those rays which it wUl emit at a

higher. This is the principle enunciated by Kir-

choff, and one of his experiments in support of it

was this : A continuous spectrum was obtained

with the oxy-hydi'ogen limelight, and a yellow

sodium flame was interposed between the light-

source and the spectroscope, as in our experiment

with the iodine and oxides of nitrogen. A dark line

appeared where the yellow luminous sodium line

ought to have been. The great importance of the

discovery lies in this, that if we have a spectrum

with a series of dark lines in it, and we find a

metal whose luminous vapour gives corresponding

bright lines, then we may safely say that the dark

lines are produced by this metal. Turn to the

figure of the solar spectrum : there is a double line

lettered d. This double line is emitted by glowing

sodium vapour. There is sodium vapour, then, in

the atmosphere of the sun. The mysteiy is solved !

The Fraunhofer lines tell us that there are in

the atmosjjhere of the sun, hydrogen, sodium.

barium, calcium, magnesium, aluminium, iron,

manganese, and a great many other metals. They
tell us that the exceedingly hot nucleus of the sun.

is suiTounded by cooler metallic vapours, which are

yet so very hot that the metals exist in a state of

vapour (p. 77).

In 1861 Huggins and Miller turned their atten-

tion to the spectroscopic study of the stars, and

some of these, like the stai-s Aldebaran and Betel-

geux, they found to give specti-a of dai-k lines.

These dark lines they compared with the bright

lines produced by terrestrial substances, finding

indications of hydrogen, sodium, magnesium,

calcium, iron, bismuth, tellurium, antimony, and

mercmy, in Aldebaran ; and sodium, magnesium,

calcium, iron, and bismuth, in Betelgeux. These

important investigations teach us something posi-

tive about the stars : that, like the sun, they have

a community of matter with the earth ; and that,

like this centre of our system, many of them must

be sufficiently hot to have metals in the vaporous

state which on the earth are solid even at compara-

tively high temperatiu-es. They may be worlds on

the way to become like our own, cool and habitable *

and doubtless untold ages ago oiu' earth was in the

same plight, this being attested by its present

shape, its hot springs and lava-emitting volcanoes.

THE PEOTECTIYE COLOURS OF AOTMALS.

By Alfred Russel "Wallace, F.L.S., Author of " The IVIalay Archipelago," etc.

TO the ordinary observer the colours of the various

kinds of molluscs, insects, reptUes, bii'ds, and

mammals, appear to have no use, and to be dis-

tributed pretty much at random. There is a general

notion that in the tropics everything—insects, birds,

and flowers especially—is much more brilliantly

coloured than with us ; but the idea that we should

ever be able to give a satisfactory reason why one

creature is white and another black, why this cater-

pillar Ls green and that one brown, and a thii'd

adorned with stripes and spots of the most gaudy

colours, would seem to most persons both pre-

sumptuous and absurd. We propose to show,

however, that in a large number of cases the colours

of animals are of the greatest importance to them,

and that sometimes even their very existence

depends upon their peculiar tints.

It is an almost universal rule that each animal

either has enemies which seek to feed upon it, or

that it seeks itself to feed upon other animals. In

the first case, it has to escape its enemies or it

cannot long continue to live. This it does either

by its swiftness of flight, by its watchfulness, or by

hiding itself from view. Some species come abroad

only at night, some burrow under gi-ound, many
hide themselves among leaves, or bark, or stones,

and thus escape destruction. Their enemies, how-

ever are as swift and as watchful as they are

themselves, and they can in most cases only escape

them by avoiding observation. To do this, they

must not be too conspicuous ; and thus any kind ot

colouring that renders them hardly visible while

seeking their food or attending to their young,

actually tends to preserve their lives, and often

alone enables them to secure the safety of their

ofispring. But the enemy who is in pureuit of

them is in just the same predicament. He, too,

must be concealed by his coloui', or he will be seen
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afar oflf and his prey will seek a secure concealment.

In that case he will simply starve to death, and his

race will cease to exist. It thus appears that

id most eveiy kinil of animal rcijuires concealment

;

and it might theivtore be thought that coloui- must

always be injurious, and ought never to exist And
iis colour not only exists, but abounds among the

various classes of animals, it may be thought that

we have here a rediwtio cul absurdu/n, and that

jirotective colouring cannot be of much imporbxnce.

into consideration, we find that there is an ample

held for the development of bright and cons])icuous

colour on the one hand, and for the display of an

intinite variety of ]»rotective tints on tlie other,

dei>eudent on the structure, the habits, and tin*

instincts of the different kinds of animals.

Let us now consider a few familiar examphs of

protective colouring. Owing to the mildness of the

winter of 1877, and the dampness of the following

spring, my garden was ovennin with slugs, and I

Fig. 1.—The Buff-Tip Moth.

Further examination, however, shows us that even

^ay colours are very often protective, because the

earth and the sky, the leaves and the flowei-s,

themselves glow with pure and vivid hues. In

other cases conspicuous colouring is useful to an
.iinimal, as when it is protected by the possession of

a deadly sting or a nauseous tsiste, and the bright

or unusual colour warns its would-be enemies to

avoid it. There are also a great number of animals

who appear to be sujEciently able to tiike care of

themselves without resorting to concealment, and
with these the tendency to the production of colour,

whidi seems to be inherent in organic beings,

exliibits it.sclf unchecked. Taking all these facts

65

had to wage continual war against them. On every

damp evening I would go round the borders,

examining the choicest plants, and, taking the slugs

off with a knife, deposit them in a jar of strong

brine. While doing this, many of them, on being

touched, would contract and droj) to the gioun«l.

and though they fell close under my eyes, I often

had some trouble to tind them again, owuig to tlieir

close resemblance to the small j)ebbles with wliich

the soil abounded. They varied in coloiu" from

nearly white, to brown, yellow, and nearly black,

and when contracted into an oval lump, they were

exactly like the variously-colonred wet pebbles. One
black slug with an olive-yellow under surfacf. wlion
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contracted was wonderfully like a blackish flint

pebble broken in two, sho'sving the yellowish inside

so common in such stones. It may be said that this

was only an accidental resemblance, and at first it

did not strike me as being an}i;hing else ; but when,

time after time, I lost sight of a slug beneath my
veiy eyes, and had often no other means of finding

it again but by touching the various small stones

with my knife till I found a soft one,, the conviction

forced itself upon me that here was a case of true

tection by colour among animals of om* own
country, before proceeding to those more wonderful

developments which occur chiefly in tropical lands.

Eveiy collector of beetles must have observed how
many of our Curculionidoi or weevils are brown or

speckled, and also that they have the habit, on

being touched or alarmed, of falling down on the

gi'ound, drawing in their legs and antennae, and

there becoming undistmguishable from small lumps

of earth or stones. Others, however, which are found

Fig. 2.—The Lappet Moth.

protection, and that what deceived me would also

probably sometimes deceive the bix'ds and other

animals that feed upon slugs. In the tropical forests

I had often in the same way to resort to the sense

of touch to supplement that of sight, in distinguish-

ing between the phasmidje or " stick insects " and

real pieces of stick ; and as in this case it is

universally admitted that the resemblance is a

protection to the insects, since it saves them from

the attacks of the numerous tropical insectivorous

birds, we may well believe that our fiimiliar slugs

ai-e similarly protected from the thrushes and other

birds which feed upon them. .

"We will now consider some other cases of pro-

constantly on nettles and herbage, are beautifully

green, and these usually run or fly away when

alai-med. A curious little beetle, Onthophilus

sulcatus, is browia and furrowed, so as exactly to

resemble the seed of some umbelliferous plant.

The beautiful Musk-beetle, which usually rests

upon the leaves of willows, is gi-een ; while the

Saperdas and Rhagiums, which frequent timber or

posts, are invariably brown or yellowish. It is,

however, among our moths, which are at once more

conspicuous and more defenceless, that the best

examples of protective colouring in this country

are to be found. The beautiful green Agriopis

aj)rilina and the dusky Acronycta ]}si rest dm'ing
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the day on the trunks of trees, uud are often com-

pletely concealed l)y their resfiublunce U) the grt'en

and grt-y licln-us which .surround thtMu. The LapjR't-

moth (Ci(Uitrojxicha querci), when at rest, so dLsix).ses

its rich brown wings as to resemble, both in shajHi

and colour, a dead Iciif (Eig. 2) ; while tlie Bull-tip

moth {I'ljijarn buciplmUi) so contnicts its wings that

it looks exactly like a thick piece of broken stick, the

yellow patch at the extremity of the wings giving

the apjK'amnce of the freshly-broken end (Eig. 1).

a leaf, and, vice versd, the dung for the moth. Two
other moths, Bri/ojJilla i/fti/i'li/'tra mid JJ. peria, are

the very image of the mortar walls on which they

i-est ; and in Switzerland I amused myself for some

time in watching a moth, probably Larentia

trijrunctaria, fluttering about close to me, and then

alighting on a wall of the stone of the district,

which it so exactly niatchetl as to be quite invisible

a couple of yards ofl'." It has also been noticed

that the general tints of the motlis which are on

Fig. 3.—Jacobe.*: Catebpillars.

Tills Ls a ca.se which well illustrates how impossible

it is to decide from the apiKiarance of a specimen in

a cabinet whether the coloui-s of an animal are or

are not protective, for no one would imagine that

this hand.some and conspicuously-coloured moth
could ever deceptively resemble a bit of dead stick,

and so obUiin jirotection from its enemies. It is a

very common thing in the tropics to find beetles

and moths which resemblt; bird's dropi)ings, and the

same occurs in this countiy ; for Mr. A. .Siilgwick,

in a paper read l>efore the Rugby School Natural

Hi-story Society, says: "I have myself more than

once mistaken Cilic comprcsaa, a little white-and-

grey moth, fur a piece of bird's dung dropjied ujwn

the wing in autumn and winter correspond to the

prevailing hues of nature at those seasons. The

Rev. Joseph Greene stjxtes that the gi-eat majority

of the autumnal moths are of various shades of

yellow and brown, like those of the autumnal

foliage ; while the winter moths of the genera

Cheiuiatubia and Ilijhernia are of grey and silveiy

tints.

It is among the caterpillars, however, that pro-

tective colouring Ls the most general and con-

spicuous. An immen.se number of these creatui-es

are green, corresptmding with the tints of the leaves

on which they feed, or brown when they rest on

bark or twigs ; while a large number of th(> larva* of
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the GeometriclBe or Loopei-s have the habit of stick-

ing themselves out rigidly like sticks, which they

exactly resemble in shape as well as in colour.

Every one knows, however, that there are a number

of very brightly-coloured caterpillars, and it may

be asked how these are protected, or why the others

need protection if these can do without it. The

answer to this question is most instriictive, and

aftbrds the most conclusive proof that various

examples of protective tints in natm-e really have

the effect we impute to them. It has been found

by repeated observation and experiment that every

green and broAvn caterpillar, without exception, is

greedily eaten by bii-ds, and even by frogs, lizards,

and spiders, and that they endeavour to conceal

themselves from these numeroiis enemies by feed-

ing usually at night, while during the day they

lemain motionless upon leaves, twigs, or bark, of

the same colour as themselves. The brightly-

coloured catei-pillars, on the other hand, were found

to be universally rejected by birds when offered

to them, and even by lizards, frogs, and spiders.

None of these would touch the common spotted

caterpillar of the magpie moth {Abraxas grossu-

lariata), nor those of the Cuccidlia verbasci, Calli-

morphajacobece (¥'\.g.'i),or\hG Anthrocerajilipendulce.

Sometimes the caterpillars were seized in the

mouth, but always dropped again, as if in disgust

at their taste. Tlie same rule was found to apply

to all the haiiy or spiny caterpillars ; and, what is

very interesting, the habits of these creatures are

correspondingly different from those of the green

and brown eatable species. Tliey all feed during

the day ; they do not conceal themselves, but feed

openly, as if courting observ'ation, and secure in the

knowledge of their safety from all enemies.*

This connection of gay coloui's and bold habits

with non-edibility, throws light on many other

cases of bright colom'ing which might otherwise

be adduced as opposed to the theory of protection.

Thus, among our beetles we have such conspicuous

creatures as the lady-bii'ds (CoccineUidce) and the

" soldiei's and sailors " among the Malacoderms,

which are all conspicuous and defenceless insects,

never hiding themselves, or seeking concealment, or

feigning death, as do so many other beetles. The

reason is now found to be that, like gaudy cater-

pillars, they are generally unfit for food. Tlie same

explanation may be given of the conspicuous

whiteness of certain moths. One of these,

* For a full account of these interesting experiments, see

"Contributions to the Theory of Natural Selection," 2nd Ed.,

p. 117.

Spilosoma mentlirasti, is very common, but when
given by Mr. Stainton to a brood of young tur-

keys among hundreds of other worthless moths
after a night's " sugaring," it was always rejected,

each bii-d in succession picking it up and then

throAving it down again, as if too nasty to eat.

The same thing has been observed with the showy
buttei-flies forming the family Danaidce. Insect-

eating birds were observed by Mr. Belt in South

America, catching butterflies which they brought

to their nest to feed their young
;
yet dm-ing half

an hour they never brought one of the Danaidse,

which were flying lazily about in gi-eat numbers.

But there are other modes of protection, be-

sides a nauseous taste which renders concealment

xmnecessary. Either weapons or armour have the

same effect, if they are sufiiciently peifect of their

kind to render it useless or dangerous for their

enemies to attack them. The best example of

armed insects are the bees and wasps, and among
these conspicuous coloui's are the rule, while they

usually fly about and seek their food without any

attempt at concealment. Other insects have so

hard a covering, or such awkward spines, as to be

practically uneatable, and among tropical insects

many of these are conspicuously or gaudily coloured.

One of the few examples Ave have of this group are

the little Buby-tail wasps (Chrysis) which have no

stings, but have the power of rolling themselves up
into a ball, which is very hard ; and they are so

gorgeously coloured as to appear like some

curious jewels. Others, again, obtain protection by

extreme rapidity of flight, and by concealing them-

selves in holes or among flowers when at rest, and

these are often brilliantly coloured, as in the case

of the common Rosechafer. These few examples are

mex'ely intended to show that it is no argument

against the use of protective colours in some

animals, that many others have brilliant and clearly

non-protective hues. In those cases, the creatures

have certainly some substitute which enables them

to live and continue their race. What this sub-

stitute is we can in some cases find out, but in

many others we are too ignorant of the habits and

surroundings of the species to determine whetlier

its peculiar colours are or are not protective, or, if

they are not, to determine what are the peculiar

conditions which enable it to dispense with this par-

ticular kind of safeguard. An excellent example

of a brilliantly-coloured insect, which yet obtains

protection by its colours, is afforded by the cater-

pillar of the Emperor moth (Safurnia pavonia-

minor). The gi'een body adorned with pink spots.-
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Lj pre-eminently beautiful, and in most situations

conspicuous ; but it feeds on the common heather,

and its coloura then so completely harmonise with

the young gi-een shoots and small pink flowers, that

it is with difficulty detected.

Leaving now these familiar examples, to be found

everywhere around us, let us cast a glance over a

wider field, and see how the general conditions of

existence, aflecting many different gi-oups of animals

at once, influence theii* coloration for protective

puq>ose& And first let us tmnsport oui-selves to

the great deserts of the earth, and inquire what
kind of animal life we find there. Canon Tristi-am

has travelled much in the Sahara, and he thus

descril>es the characteristic coloui-s of its aniinal life :

•' In the desert, where neither trees, brushwood, nor

even undulations of the surface, afford the slightest

protection against its foes, a modification of colour

which shall assimilate an animal to that of the

surrounding countr}'Ls aV)solutely necessaiy. Hence,

without exception, the u])per plumage of every bird,

whether lark, chat, sylvian, or sand-grouse, and also

the fur of all the smaller mammals, and the skin of

all the snakes and lizjirds, is of one uniform isabelline

or sand colour." ThLs is not a characteristic of one

desert, but of all. In a recent accovmt of the Stepi>e

of Erivan in Asia Minor, it is said that "a re-

markable feature of the animal inhabitants of the

Steppe, insects and reptiles, and e.specially of the

liziirds, is the most perfect coincidence of their

colouring with the colouring of the Steppe." More
prominent examples of this prevalent tint are such

animals as the camel and the lion, which are exactly

of the usual tints of sand and sandy rock.

Let us go now to the arctic regions, and we find

these reddish-yellow tints entirely wanting, and in-

stead of them pure wliite, or in a few cases dark-

brown or black, where conspicuousness seems of

more importance than concealment. All the bears

of the globeare brown or black, except the jwlar bear,

which is white. The polar hare, the snow-lninting,

the snowy-owl and the jer-falcon, are also white or

nearly so ; while the arctic fox, the ermine, and the

Alpine hare, change white in winter, as does our own
Highland ptannigan. ThLs la.st bird is a fine example
of protective colouring, for its summer plumage so

exactly harmonises with the lichen-covered stones

among which it delights to sit, that a i)erson may
walk through a flock of them without seeing a
single bird

; and when it changes to white in winter
it is equally protected amid the snow which covers

the mountains. A striking exception to the u.sual

white coveriiig of arctic animals is the Musk-sheep,

or Musk-ox as it is often en-oneously called. This

animal is of a dark-brown colour, easily seen among
the snow and the ice, but the rea.son of this is not

difficult to explain. The Musk-sheep is gregarious,

and derives its i)rotoction from tliis habit. A solitary

strayed animal would soon become the prey of the

polar beare or even of the arctic foxes ; it is

therefore of more importance that it should see its

comrades at a distance, and so be able to rejoin

them, than that it should be concealed from its few

enemies. Another case is that of the sable, which

retains its rich brown fur throughout the severity

of a Siberian winter, but at that season it frequents

trees, feeding on fruits and berries, and is so active

that it catches birds among the branches. Again,

the common raven is found in the extreme arctic

regions, but is always black ; and tliis is probably

because it has no enemies, while, as it feeds on

carrion, it does not need to be concealed from its

prey. These three cases are exceedingly valuable

from a theoretical ix»int of view, for they prove the

incorrectness of a common notion that animals may
change to white in the arctic regions either from

the du-ect effect of cold, or from some influence of

the white reflections from the snow ; and they teach

us that only those animals become white to whom
that colour is useful, while those which either do

not require protection or to whom dark colours are

actually beneficial, remain totally unafiected. The

cause of change must therefore be sought, not in

the direct action of external conditions, but in the

same general laws of varuition and selection which

have modified all the other charactei-s of animals in

the way most beneficial to them.

Nocturnal animals offer equally good examples

of protective colouring. Mice, rats, bats, and

moles, are all of dusky or blackish hues, and

are therefore very difficult to be seen at night

;

when alone they move about, whUe during the day

they conceal themselves in holes or underground.

When concealment by day as well as by night is

required, :is in the case of owls and goatsuckers, we
find dusky mottled tints, a.ssimilating with bark or

earth during the day, and not very conspicuous at

night. In some few cases nocturnal animals are

conspicuous, a striking example of which is the

North American skunk, which has much white

about it and a large white tail which it carries erect

in the most conspicuous manner possible. But the

homble odour en)itted by this animal makes it

universidly dreade<l, and its conspicuous tiiil is thus

a signal-flag to all carnivorous animals not to

attack it—a parallel case, in fact, to the white moth,
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whicli we have akeady seen was rejected by birds

whicli eat so many other moths.

Equally striking as a proof that colour is largely

protective is the fact, that nowhere but among the

evergreen forests of the tropical and sub-ti'opical

zones do we meet with bu-ds the ground-coloiu- of

whose plumage is gi-een. Parrots, which are con-

fined to such countries, are generally gi-een, with

small patches of vivid colours. In the Eastern

tropical islands many pigeons are as gi-een as

parrots, and there are numbei-s of other gi'oups

which are of the same colour. Such are the

barbets, a family of fruit-eating bu'ds, especially

abundant in tropical Asia ; the green bulbuls {Phyl-

lornithidoi) ; the Bee-eaters ; the Turacos of tropical

Africa ; the little White-eyes {Zosterops) of the

eastern tropics ; and many other gi'oups. These

all frequent thick foliage, with which their colours

so exactly harmonise that it is most difficult to

detect them.

Contrast these with the ordinary colouring of the

birds of the region of deciduous trees, of which our

own country is a fair example. Here anything

approaching a pure gi'een is unkno^vai, while bro'svn

or olive is the almost universal body-colour of the

plumage. This is the tint which Is least conspicuous

among the leafless trees and bushes, which prevail

for so lar'ge a part of the year, and when the need

of protection is gi'eatest.

Among reptiles these protective tints are very

apparent. Our lizards and snakes are all more

or less brown or olive tinged, while in the tropics

alone they are often of a vivid green, exactly cor-

responding with the vegetation they dwell among.

The curious geckos—flat lizards wdth dilated toes,

which cling to the trunks of trees or to rocks

—

are often finely marbled with green and grey, so as

exactly to resemble the lichen-covered surface on

which they cling. Some arboreal snakes of the

genus Dipsas are, howevei', nocturnal ; and these,

like all other nocturnal animals which requii'e to

be concealed, are of dusky coloui's, being of various

shades of black, brown, and olive.

Many fishes even, pi-esent clear examples of pro-

tective colouring. Such as rest on the bottom,

like the flounder, skate, sole, or Miller's Thumb,

are invariably of the colour of the bottom, and

often singularly speckled, so as to resemble sand

or gravel. Such as swim near the surface of the

water are almost always dark-bluish or greenish

above, and white beneath, colours which evidently

tend to their concealment from enemies in the air

above them or in the water below. The bril-

liantly-coloured fishes from warm seas are many
of them well concealed when surrounded by the

brilliant sea-weeds, corals, sea-anemones, and other

marine animals, which make the sea-bottom some-

times resemble a fantastic flower-garden. The pipe-

fish and sea-horses (^Hippocampus) are excellent ex-

amples of this style of colouring. Some of them
are greenish, resembling floating sea-weed; but in

Australia there is a large species which is covered

with curious leafy apj>endages, and all of a brilliant

red colour, and this lives among red sea-weed, and

is then perfectly concealed.

It is, however, among tropical insects that the

most perfect and wonderful cases of protection by

colour and marking are to be found, and a very

few examples of these must now be given. The
best known and most celebrated are the leaf-insects

of the genus Phyllium—curious large insects, whose

wings and wing-covers are broad and flat, shaped

and veined exactly Uke leaves, while theii' legs,

head, and thorax have all flat dilatations, like the

stipules of many plants ; and the whole being of

the exact green tint of the foUage of the plant

they live on, it is actually impossible to detect

them when they are not in motion. The walking-

stick insects, or spectres, are equally curious. These

are long cylindrical insects, often nearly a foot long,

and of the exact colour of pieces of gi'eenish or brown

sticks. If they have wings, these fold up closely,

and are concealed under wing-covei*s of the same

stick-like ajjpearance ; while the head and legs are

so shaped and jointed as either to fit closely on to

the stick-like body, or to appear like branched twigs.

These creatiu-es hang about shnibs in the forests,

and can seldom be distinguished from small twigs

and branches which have fallen from the trees

overhead. They remain quite motionless during

the day, and feed at night, and they hang anyhow
aci'oss the foliage, holding on by two or three of

theii- legs only, while the others are closely fitted

to the body, and they thus give themselves that

unsymmetrical appearance which belongs to acci-

dentally-broken twigs. A few of the species are

still further protected by curious gi'een, leafy ex-

crescences all over the body, so as to look exactly

like a piece of dead twig overgrown with a delicate

moss. Such a one was brought to the present crater

in Borneo by a Dyak, who assured him that moss

had gi-own over the insect whUe alive, and it was

only by very close examination that it could be

discovered that the suj^posed moss was really part

of the integument of the insect.

Even among butterflies, whose gay colours seem
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only adaptetl to render them conspicuous, there are

etiusilly woiulci-ful exiiiuples of protective marking.

It was tii-st i>ointed out by Mr. T. \V. Wootl (to

whose skilful jiencil we are indebted for the illus-

trations to this i«ii>or) that our beautiful little

Orange-tip V)uttcrfly (Anlhoc/iaris canhimines, Fig.

\), although so conspicuous when on the wing,

is perfectly concealed when resting in the evening

in its favourite i>osition among the flower-heads

of the woo«.l parsley {AnthrUnis sylcestriis). Its

which is exactly the shai>c of the ti[) of the leaf

of many tropical trees and shrubs; while the hin<l

wings are produced into a short narrow tail, which

well represents the stalk of a leaf. Between these

j>oints runs a dark curved line, rei)resenting the

mid-ril), and from this nuliate a few oblirpie mark-

ings for the veins of the leaf. The colour of the

under side of the wings closely miitatcs that of dead

leaves, but it varies almost infinitely through shades

of bright yellow, reddish, ochre, brown, and ashy.

Fi^. 4.—The Oraxoe-tip BuTTERrLT.

under surface Ls beautifully mottled with white

and green, which strikingly assimilate with the

white and green flower-heads of this plant. Much
more wonderful, however, and perhaps the most

wonderful of all imiUitive insects, is the leaf-

butterfly of India (Ka/fima inachis. Fig. 5).

This is a rather large and handsome butterfly,

of a deep bluish colour, with a broad orange

band across the wings. It is thus sufficiently

conspicuous; but it flies very quickly, and in a

zigzag marmer, so as to be caught with great

difficulty. It is when at rest that it requii-es pro-

tection, and this it obtains by its colour and mark-
ings on the under surface, and by its jicculiar habits.

The ui)per wings have an acute lengthened ap<x,

just as leaves vaiy in their different stages of drying

and decay. Even more remarkable Ls the manner

in which the diseases and decay of leaves are repre-

sented by powdered dots and blotches, often gathered

into little gi*ouj)s, so as to imitate in a most marvel-

lous way the various fungi which attack decaying

leaves. But to render the disguise effective, it is

necessary that the insect should assume the position

of a leaf, and this it does most perfectly. It always

settles on an upright twig or branch, holding on by

its fore legs, while its body (concealed between the

lower margins of the wings) rests against the stem

which the extremity of the tail, representing the

st;ilk, just touches. The head an<l antenna; aiT

conceideil between the front margins of the wings.
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and thus nothing is seen at a little distance but

what appears to be a dead leaf stUl attached to

the branch. Yet further, the creatui-e seems to

have an instinct which leads it to prefer to rest

among dead or decaying leaves, which are often

very persistent on bushes in the tropical forests

;

and this combination of form, colour, marking,

habit, and instinct, produces a degree of conceal-

ment which is perfectly startling. You see this

gay butterfly careering along a forest path, and

to detect it in repose, and are then more than ever

amazed at the completeness of the deception, and

at the same time profoundly impressed with the

protection that must be afibrded by this wonderful

disguise—a protection whose effect is seen in the

wide range and extreme abundance of the species.

In this case, and in "that of the moss-covered

stick-insect, we see the extreme perfection of imita-

tive colouring; and we can only understand how
this has been prodiiced, by always keeping in

Fig. 5.—Leaf Bctterflt of India.

suddenly rest upon a shrub not three yards from

you. Approaching carefully, you look for it in

vain, and you may often have to touch the branches

before it will dart out from under your very eyes.

Again you follow it, and mark the veiy branch on

which it has seemed to rest ; but in vain you creep

forward, and scan minutely every twig and leaf.

You see nothing but foliage—some green, some

brown and decaying—-till the insect again starts

forth, and you find that you have been actually

gazing upon it without being able to see any dif-

ference between it and the surrounding leaves.

After repeated experiences of this kind, and know-

ing exactly what to look for, you are able sometimes

mind the veiy much more numerous cases of slight

or partial protection by colour or marking. We
can only noAv briefly indicate some of the steps by
which such protection is brought about.

None of the characters of animals are more

variable than their colours, though this may ai:)pear

doubtful when we look at the constant tints and

markings of so many animals in a state of nature.

There is, however, good reason to believe that even,

in cases, these variations are constantly occurring,

but, owing to the fact that the tint of each animal

is useful to the .species, all important deviations

from it soon die out. Certain it is that almost

every domesticated animal varies in coloui', and
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these varieties, not being Luilful as in a state of

nature, are increased ami luultiplicil without end.

Now, if we suppose an animal to sulier from being

•» too conspicuoiLS, any variation of colour or mark-

ing tending to make it less conspicuous will give

it a lietter chiuice of life ; and ius offspring tend to

be like their parents, these less conspicuous varieties

will often leave success0i"S similarly endowed ; but

these again varying, some among them will be still

more pi-otected ; and thus the protective tints will

tend to become more and more })ei'fect in eac-h suc-

ceetling generation, till their enemies, finding the

pui-suit too diilicult, will confine their attention

chiefly to other species. Then there will be no

more change till some new enemy appeai-s, when
a further advance may take place till the pro-

tection becomes sutfieiently perfect to place our

supposed animal in a slightly better po.sition than

its neighboui"s.

It has been a ditticulty to many persons to under-

stand how such variations could explain the curious

cases of the Alpine hare, the ptarmigan, and many
other animals which become white in winter

only, when the giound is covered with snow and

that colour serves as a protection. It ha.s, however,

been observed, that a slight seasonal change takes

])lace in many animals. Thus, in Siberia, the wolf,

the horse, tlie cow, the roe, elk, reindeer, and two

kinds of antelojK?, all become paler in colour during

winter. Now, if either of these species migmted

northward, till it came to inhabit a country where

the winter snow remained on the gi'ound for half

the year, varieties in which the seasonal change

was more and more pronounced would have an

advantage, and thus, in the course of many genera-

tions, an animal might be produced which changed

colour a8 completely as do the arctic fox or the

ptarmigan.

We must now conclude this very brief outline of

one of the most curious chaptei-s in natural histoiy.

We have shown how varied and how widespread

are protective colom-s among animals ; and, if we
add to these the cases in which conspicuous colours

are useful, sometimes to wani enemies from such

as are distasteful or are jjossessed of dangerous

weapons, at other times to aid wandering species to

recognise their companic,';3 or to find their mates,

we shall become satisfied that we have a clue to

much of the varied coloration and singular mark-

ings throughout the animal kingdom, which at first

sight seem to have no pvirpose but variety ami

beauty.

GREAT SEA EEPTILES.

By H. Alleyne Nicholson, M.D., D.Sc, F.R.S.E.,

ProfetsoT of Natural Uistonj in the University of St. AndrcKS.

IN a former article (Vol. I., p. 198) we gave some

consideration to those ancient and extinct

reptiles which were organised for flight, and are

known to geologists as Pt'ro'hicti/les ; and on the

present occasion we propose to glance at some of

the equally stiange tyj>es of reptilian life which

accompanied these forms. If we go back to that

epoch of the earth's history which geologists know
as the Secondary Period, we find that at that time

the great chiss of the Reptiles had attained its

maximum of complexity. It was truly an " Age
of Reptiles." Not only was the air tenanted by the

weird and spectral Pterosaurs, but huge lizards, of

forms now no longer represented, ci-awled upon the

land, and the wat*ji-s of the ocean swarmeil with

special and gigantic types of the same class. It is

to these last that we intend to confine our attention

at present. To study these, tlie reader must pay a

visit to some gootl zoological collection, or, best of

66

all, to the long and richly-stored galleries of the

geological depai-tment of the British iluseum, where

he will find amj)le material for the reconstruction

of these old and monstrous forms of life, and will be

able to obtain a clearer idea of their true characters

than can be afforded by any mere de.scription.

There are not many places in this country where

one could hope to collect the remains of these

ancient reptiles for one's self, and wo must content

oui-selves here with the endeavour to obtain some

general idea of their constniction autl of their most

important peculiarities.

If we take the reptiles which arc known to be in

existence at the present moment, we find few of

these, compai-atively speaking, to be oiganiseil foi- a

life in the water. Perhaps the most thoroughly

aquatic of the.se are the great .sea-turtles, the

compressed botlies and fialtened i);iddles of which

enaljje them to make their way throut;!! the watei-s
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of the sea with great power and velocity. The

gi-eat mail-ch\d crocodiles and alligators of the

warmer regions of the world are also largely

denizens of the water. In their case, the chief

oi'gan of locomotion is the long, vertically-compressed

tail, the animal being impelled through the water

by the lashing of this formidable appendage from

side to side. On the other hand, the limbs of the

crocodile do not differ essentially in their structure

fi'om those of ordinary teiTestrial animals. Thus,

a glance at the accompanying drawing of the fore-

foot of the crocodile (Fig. 1, a) will show us that

all the five fingers are present, that they are distinct

from one another, and that they have theii* usual

form, there being no multiplication of the bones of

Fig. 1.—A, Bones of tlie Fore-foot of the Crocodile, b, The Hind-foot
of the Crocodile, showing the Extension of the Skin between the
Toes.

which they are composed. The crocodile, in fact,

uses its feet prijicipally for the purpose of steering,

and their efiiciency for tliis pur2:)0se is greatly

increased by the extension of a loose web or fold

of the skin between the toes (Fig. 1, b). In this

way the feet ai-e enabled to gi-eatly assist the animal

in aquatic progression, at the same time that terres-

trial locomotion is by no means entirely precluded,

the proverbially awkward gait of the crocodile on

land being due rather to the shortness of its legs

and the gi-eat comparative length and weight of the

body than to the actual conformation of the feet.

Not only are the crocodiles thus " amphibious," in

the sense that they can either walk upon the earth

or frequent its waters at theii- pleasure, but we may
also remember that they are principally—indeed,

essentially—fi'equenters of the fresh waters of the

regions in which they are now found. They da
extend their range to the mouths of rivers, but

none of the now existing forms of crocodiles and

a.Uigators can in any strict or ^iroper sense be spoken

of as marine animals.

In addition, however, to the familiar turtles, we
have one other group of reptdes which really can

l)e said with projiriety to comprise frequenters of

the sea—namely, the group of the true Sea-Snakes.

Under this head, it is hardly necessary to say, we
do not include that apocryphal and mysterious

animal popularly known as the " Great Sea-Serpent,"

the existence of which at all is open to the gi-avest

doubts. On the contrary, the real sea-serpents are

in all respects similar to the ordinary snakes,

except that their tails are flattened and verti-

cally compressed, enabling them to swim with

great ease and speed through the waters of the sea.

They are found only in warm seas, and they are by

no means remarkable in point of size ; while they

resemble the turtles in the fact that thej' betake

themselves to the shore for the purpose of laying

theii" eggs.

Upon the whole, then, we have comparatively

few reptiles now living which habitually inhabit a

watery medium, and of these only a poi'tion can be

said to belong strictly to the fauna of the sea. If,

however, we trace our steps backwards through the

long ages of the past, till we reach the earlier

portion of the Secondary period of geology, we
shoidd find a very different state of matters. At
that time, the ancient Briton, had such existed,

would have been confronted with a wide expanse

of ocean covering what are now the fail- green fields

and undulating plains of South-Western and Central

England. The old coast-line must have run, roughly

speaking, pretty much in the direction of a line

drawn from the coast of Dorsetshire to Hartlej^ool,

and to the south-west of this all was oj^en sea,

though probably of no great dej^th. And what a

sea for a naturalist to explore ! There Ls plenty to

interest the obseiwer in the animals of our o^v^l seas

at the present day ; but one would give much to

have had the privilege of living for a few days

iipon the shores of the south-west of England, at

the time when the old Liassic cliffs of Lyme Regis

and Charmouth were in process of formation,

fathoms deep below the blue waters of the sea.
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Such an experience, however, would not liavc l>cen

without its dangers as well as its pleasures, and

the most serious of the former would have been due

to tlie presence of the liuge and formidable sea-

reptiles whicli swarmed round tlie sliores of Old

England at the time of which we are speaking.

Some of tht'sc were great mailed crocodiles, difiering

little from the modern (Javial, excejjt that they

were organised for an liabitual sojourn in the sea

;

but the most interesting and tlie most impoilant

are the strange extinct types known as the

Ichthyosaurus and Plesiusaurus, to which we may
devote our consideration in the meanwhile.

Tlie Ichthyosaurus was fii"st brought under the

notice of the scientific world, in such a manner that

its structure could be at all completely understood,

by Miss Maiy Aiming, of Ljnne Kegis, to whose

long-continued and unwearied exertions geologists

are indebted for their knowledge of various other

old fonns of life. The different species varied

much in size, but the larger ones were over thirty

feet in length, jX)nderously and i)owei-fully con-

structed, and moi-e fully adapted for a life in the

water than is the case with any reptiles now existing.

From the accompanying engi-a\ing of the skeleton

of the Ichthyosaurus (Fig- 2), it will be seen at

imparting to this region of the body an amount

ami j>o\v«'r of movement which would be useless

or injurious to an animal living \\\Hi\i hmd, but

which Is highly advantageous to those inhabiting

water. On the other hand, there is no trace in

the Ichthyosiiur of anything of the nature of the

scales, whicli are so characteristic of the majority of

fi.slies. It is quite cei-tain that had any such

structures ever existed, we should ere now have

found unmistakable proofs of their existence ; and

we are therefore justified in concluding tliat the

skin of these ancient rejjtiles wtus smooth and naked,

like that of the ordinary por2)oises and dolphins,

i-ather than that of most of the fishes or of the

living reptiles.

The organs of locomotion of the Ichthyosaui*,

also, differed gi-eatly from those of any known fish

or reptile. The princi})al organ of locomotion was

probably the long and powerful tail, to the hinder

end of Avhich, there is reason to believe, an exjian-

siou of the integument must have been attached,

constituting a kind of tail-fin. It is true we have

no direct evidence of the existence of such an organ,

but our great palaiontologist. Professor Owen, long

ago drew attention to a curious iudii-ect proof of

the iiresence of such a fin. He showed, namely,

Fij. 2.—Skeleton of Ichthyosaurus communis, as restored by Cooybeare and Cuvier.
{Greatly reduced in 6ize.)

once to what extent the general form of the body is

like that of a fish. This is especially seen in the

almost total absence of a neck, in the popular sense

of the term, though this region of the body is

anatomically present, as well as in the long and

tapering hinder end of the body. The different

bones (the "vertebrre") of the back-bone are also

fish-like, in the fact that they are deeply hollowed

out on both sides, thus becoming Inconcave. A
glance at the back-bone of any ordinary fish will

show that its component pieces are similarly bi-

concave ; and the result of this jjcculiar structure is

obvioiLs. In the living fish, the cavities between

the successive vertebi-ae are filled with a .soft,

gelatinous substance, and in tliis way there is

formed a succession of loose ball-and-socket joints

between the diffurent bones of the lipLne, thus

that the back-bone of the skeletons of Ichthyosaui-s,

as they lay imbedded in the rocks, was very often

found to be dislocated at a point distant about one-

third of the total length from the extremity ; and

he inferred, with much probability, that this

commonly-occiu-ring displacement of the bones was

due to the presence of a broad and heavy tjiil-fin,

the weight of which would be sufficient to break the

continuity of the spine at this point, as the carcase

floated at the surface of the sea. Tliat we should

not have been able to detect any actual remains of

such a fin in the fossils is easy enough to under-

stand, since it must have consisted of nothing moro

than gi-istle or fibrous tissue, and it could have

contiiined no bones capable of preservation in a

fossil st ite. In this respect it must have agreed

with the tail-fin uf thi' living whah-s and doli>hins.
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from wliicli it probably differed in being -s'ertically

extended, as is the case with the tail of the fishes.

While the tail, with its terminal integumentary

expansion, must have been the princii)al organ of

locomotion in the Ichthyosaur, the limbs were at

the same time wonderfully modified to officiate as

organs of aquatic progression. Both the fore and

the hind limbs were present (Fig. 2), and both

have undergone a singular alteration, by which

they are turned into broad swimming-paddles,

resembling in some respects the " flippers " of the

whales and dolphins. If we take the arm and

hand of the Ichthyosaur as illustrating this peculiar

change, we see that the bones of the upper arm
and fore-arm (Fig. 3, e and/^) are extraordinarily

(ii, 6, c, d) Boues of tlic SliouMci-Girdle ; (e) Bune of the Upper Arm : (/and g) Bones of the Fore-arm,
followed by the Bones of the Wrist and Fingers.

shortened, while the two latter are followed by a

great series of short, scpiarish, or polygonal bones,

which are placed in closely approximated rows, and

which together form a broad, flattened paddle, admi-

rably adapted for steering the gi*eat reptile through

the water. The up]:)ermost of these short bones

represent the bones of the wrist, while those which

form the free extremity of the paddle I'epresent

the bones of the fingers. We thus see, from

an inspection of the drawing here given

(Fig. 3), that the bones of the fingers are

greatly increased in number, when compared

with what we see in any ordinary case—as,

for example, in the hand of the crocodile (see

Fig. 1, a). There is also the j^eculiarity that

the normal number of five fingers is appa-

rently exceeded, this being due to the addition

of supernumerary rows of short bones on the sides

of the paddles. If we compare the swimming-

paddle thus formed with the "flipper" of the

whales and dolphins (see Fig. 6, b), it is easy to

see that thexe is a general similarity in their mode
of construction, though the fijigers in the latter

are not closely approximated, and thex'e are no
supernumerary rows of bones. The hind limbs of

the Ichthyosaur are built upon the same plan as

the fore limbs, and similarly form flattened swim-

ming-paddles, the general appeai-ance of which

during life must have closely resembled that of the

" flippers " of the whales and dolphins, the bones

being similarly inclosed in a general covering of

the integument, and there being no external and

visible evidence of the existence of separate fingers.

There is, however, ground for thinking that the

integument in the Ichthyosaur was extended to

some distance beyond the edge of the paddles as a

broad fringe.

Leaving the organs of locomotion, let us look

next at the huge skull of the

Ichthyosaur (Fig. 4), and the

first thing that strikes us is

the great comjoai-ative length

of the jaws, which are pro-

longed into an extended

snout, sometimes five or six

feet in length, and have their

edges set with numerous

sharp, conical, and pointed

teeth. These formidable

weapons of offence and de-

fence resemble in general

points the teeth of the

crocodiles, and each, as worn

out, is succeeded by a young tooth, which is

concealed in the substance of the jaw above its

root ; but their cro"syns are furrowed, and instead

of being fixed in separate sockets, they are sunk iix

a long and continuous groove. Next to the jaws,

the most noticeable point about the skull of the

Ichthyosaur is the great size of the orbits, or the

bony chambers in which the eyes were contained.

F ig. 4 —Skull of the Ichthyosaur.

(0) Orbit, with the Circle of Sclerotic Plates ;
(m) Nostril.

Not only is the orbit of immense size—sometimes

over a foot in diameter—but there is the curious-

feature that the globe of the eye was strengthened

by a circle of bony plates situated in the fibrous

membrane (the "sclerotic") which incloses the

actual apparatus of vision (Fig. 4, 6). These bony
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plates arc often preserved in a fossil condition,

antl from the size of the central aperture which

they inclose, we may form some idea of the size of

the pupil of the eye, and are enabled to judge that

this must have been of large size, enabling the animal

to see in the dusk. Similar l)ony i)lates are found

in the tibi-ous coat of the eye in birds, and one

important function that they discharge is to protect

the eye from pressui-e, as the animal altei-s the

density of the medium by which it is surrounded,

by altering its position in space. Hence, it is

probable that these Iwny j)lates served to protect

the eye of the Ichthyosanr from the distorting

effect of pressure as it dived below the surface of

the water.

Just in front of the orbits are placed the apertures

of the nostrils (Fig. 4, n), which are thus situated

comparatively far back, and not at the end of the

snout, as in the crocodiles. Being a genuine

reptile, the Ichthyosanr was, of course, an air-

breathing animal, and, therefore, it can only be

said to be an inhabitant of the water in the same

sense that the seals and whales are so also. It

was in the water, but not of it. From the great

comparative size of the ca%'ities of the chest and

abdomen we may infer that it could take in an

exceptionally large supply of air, and, being a cold-

blooded animal, might thus remain under water

for an e.xceptionally long period of time ; but it is

certain that it must have been obliged to come to

the surface at inten^als for fresh supplies of air.

The points which we have now briefly glanced at

as to the construction of the bony framework of

the Ichthyosaur, have given us a tolerably clear

idea as to the general form and habits of these gi-eat

Secondary reptiles ; but we may advantageously

summari.se .some of the.se. From the genei-al

structure of the skeleton, and especially of the

limbs, it is quite certain that the Ichthyosaur was

an habitual denizen of water ; and that it lived

i-egularly in the .sea, and not in lakes and rivers

is .shown conclusively by the constant a.s.sociation of

its bones with the remains of sea shell-fish and other

unquestionably marine animals. Like the living

turtles and sea-snakes, it doubtless sought the

shore for the purpose of laying its eggs; and though

its swimming paddles cannot have been specially

adapted for supporting such a long and unwieldy

carcase upon the dry land, it can hardly have been

worse off in this re.spect than are our modern
turtles. Tliat the Ichthyo.saur kept ])rincipally to

the oj^en sea seems probable from the great develop-

ment of the apparatu.s of locomotion ;
while the

presence of a ring of bony plates in tiie outer

covering of the eye would appear to indicate a

habit of diving to considei-able depths, the principal

use of such a structure being, as already stated, to

protect the eye from increa.sed pre.ssure from with-

out, and thus to preserve the power of vision when

the animal was below the surface. That it sought

its food principally in the twilight or at night is

rendered probable by the enormous size of the eye,

which would be unnecessaiy ui an animal habitually

active by day ; while the fact of its hai.ing lived

ujx)n other animals is sufficiently proved by the

wide gai)e, the lengthy jaws, and the long rows of

conical and jK)inted teeth. If, indeed, the nature

of its dental apj)anitus had left us in the slightest

doubt upon this point, we should have been fur-

nished with conclusive proof of the caniivorous

habits of the Ichthyosaur by an examination of ihe

petriBed contents of their intestines, which have

been often pre.ser\'ed in the rocks, and are familiar

to geologists under the name of " coprolites." These

singular fossils not only contain a notable amount

of phosphate of lime, indicating that they are largely

made up of the comminuted bones of vertebrate

animals, but they not uncommonly exhibit the

undigested scales and bones of fishes. From the

occurrence, in fact, of the bones of a small Ichthyo-

saur within the ribs of a large example of this

si)ecies. Dr. Bucklaud was led to conclude that these

reptiles did not confine their ravages to their piscine

companions, but that they sometimes turned their

attention to the weaker and more diminutive in-

dividuals of their own kind.

Leaving the Ichthyosaur, let us now look for a

moment at its common companion, the curious and

gigantic reptile known as the Plesiosaurus. Tliat

this extinct type of reptilian life was essentially

marine, is known by evidence the same in character,

and equally conclusive, as that which enabled us to

determine the habits of the Ichthyosaur. And
yet, with a wonderful similarity in some points of

con.struction, there is a wide difference between

these two ancient forms. That the Plesiosaur was

aquatic in its mode of life could be safely inferred

by the structure of its limbs, even if we were with-

out any other evidence upon the subject. Both the

fore and hind limbs are present, aiul both are con-

verted into flattened swimming-i)addles (Fig. 5),

this of itself being sufficient proof that their pos-

se.s.sor lived principally in the water, and that its

visits to the dry land were of a merely occasional

and temporary character. There is, however, con-

sidei"able difference between the swinmiing-paddles
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of tJie Plesiosaiii- and those of the Ichthyosaur

;

and the former makes a much neai'er approach in

this respect to the structure of the " flippers " of

the whales and dolphins than is the case with the

latter. The bones of the upper arm and of the

fore-arm (Fig. 6, e and _/ g) are in all similarly

shortened ; and the bones of the wrist and of the

seem to have exceeded eighteen or twenty feet in

length—the swimming-paddles of the Plesiosaur

are longer and more powerful than in the Ichthyo-

saur. On looking at the skeletons of these two
reptiles, and comparing them with one another, we
shall at once discover an obvious reason for this

difference. In the Ichthyosaur, as we have seen,

Fig. 5.—Skeleton of Plesiosaiirus 3,oXich.odclrus, as restored by ConybEare

fingers are arranged in a parallel series of short

pieces. In the Plesiosaur, however, though there

is an increase in the number of the bones Avhicli

make up the fingers, the normal number of five

fingers is preserved, there being no rows of super-

numerary bones ; while there is no longer the close

Fig. 6.

—

(a) Paddle of tlie Plesiosaiu*
; (b) Bones of the " Flipper "

of a Dolphin
;

(e) Bone of the Upper Arm
; (/ and g) Bones of the

Fore-arm.

ajoproximation and practical union of the digits so

characteristic of the Ichthyosaur. Compared, how-

ever, with the size of the body—which does not

the neck is excessively short, and the hinder end of

the body was gi'eatly lengthened out, and must un-

questionably have constituted the j^rincipal organ

of progression tlu'ough the water. In the Plesio-

saur, on the other hand, the tail is extremely short,

and its functions, as an organ of locomotion, must

have been relegated to the paddles, while it can

hai'dly itself have subserved any further purpose

than that of dii'ecting the coiu'se of the animal

thi-ough the water. Far otherwise is the condition

of the neck of the Plesiosaur, as compared with

that of its more bulky associate. In the latter,

duriiig life, the head must have been continued into

the body with as little ap^iarent constriction or line

of demarcation as we now observe in the fishes or

in the whales. In the Plesiosaur, on the contrary,

there was an exceptionally long and flexible neck,

composed of from twenty to forty separate bones,

and i-eminding one of the neck of a bird ; leading

us, in fact, to conclude that " it swam near or upon

the surface, arching back its long neck like a swan,

and occasionally darting it down at the fish which

happened to float within its reach."

That the Plesiosaur was marine in its habits, as

before remarked, is quite certain ; but its less com-

plete adaptation to a watery medium than was the

case with the Ichthyosaur is shown, among other

proofs, by the fixct that the separate pieces, or

" vertebrae " which compose the back-bone are not

deeply cupj^ed or biconcave, as well as by the

general conformation of the skeleton. It was

probably, therefore, rather a frequenter of shallow

water, near t-o the shore, than a denizen of the

oi^en ocean. It must, also, have been less conspi-

cuously predaceous than the Ichthyosaur, and must
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have liveil principUly upon the fishes of the soius

wliich it iiiliuWited. This is shown by the conipam-

tively small size of its skull, the much shorter anil

weaker jaws, and the diminution of the number of

the long and pointed teeth. The orbits, lastly, are

of inodenite dimensions, and there is no ring of

bony plates developed in the fibrous covering of

the eye; these facts justifying us in the belief that

gi-eat and elastic class—types which may with some
reason be regaiiled as the truest realisation which

we are ever likely to have of the popular idea of

the " Great Sea-Seq)ent," though in themselves they

were not geniune relatives of the snakes ; while

throughout the long-continued period of Secondary

time the dry land bore its crop of strange rejitiles,

unlike any that we have now, and yet not wholly

Fiyr. 7.

—

Plesiosackcs and Ichthyosaitrus. {Restored.)

the animal sought its food by day, and that it was

not in the habit of diving to any considerable depth.

Space will not peraiit of our further dilatmg upon

these ancient and wonderfully constructed inhabit-

unts of the sea (Fig. 7), but we have neither ex-

hausted the peculiarities of these, nor reached the end

of the long catalogue of the extinct reptiles of the

Secondary periotl. When the white clifls of Dover

were still beneath the waters of the ocean, we meet

with other equally marvellous marine types of this

unlike. Some of these are of types so milike any

now in existence, that their position in the animal

.scale could not be safely decided by the isolated

relics by which .alone we now know them, but can

only be inferred from a comparison with other tran-

sitional gi-oui)s. Others, again, belong to ordei-s of

which we still possess many living representatives.

All alike are of quite exceptional interest to the

pure zoologist or geologist, and still moi-e to those

who uj)hohl the prevalent doctrine of evolution.



144 SCIENCE FOR ALL.

Fig. 1.

—

Shooting Stars.

SHOOTING ST AES
By W. F. Denning, F.E.A.S.

I'F a person will watch the sky on any evening of

ordinary clearness, when the stars are shining

with some brilliancy, he will observe one or more

luminous objects in rapid motion amoiigst the con-

stellations. These " shooting stars," as they are

called, often attract the attention of the most

casual observer, either by their frequency or splen-

dour. The suddenness of their appearance, the

bright light they sometimes throw over the land-

scape, the rapidity with which they travel athwart

the sky, occasion surprise ; and as the observer's

eye still lingers on the place of apparition his

interest is excited, and questions arise in his mind

as to the origin and nature of these remarkable

bodies. Whence do they come 1 Whither do they

go ? What are their magnitudes, distances, and

velocities 1 If he pursue his observations with any

diligence, he will have noticed that they are visible

on every clear evening ; and that, as sure as the dark-

ness comes on and the constellations begin to show,

so sure do these falling stars manifest themselves,

darting here and there, and exhibiting many at-

tractive features in their unceasing activity. They

present every variety of speed and aj^pearance.

Some glide along the sky with a slow and stately

motion, remaining visible for several seconds, and

allow their paths to be conveniently traced. Others

are seen to move in extremely quick and transient

coui'ses, like flashing rays of light. Some speed

along in star-like aspect, devoid of trains or sparks,

while others will be seen to leave in their tracks

phosphoric lines or streaks, perceptible for some

seconds, and distinctly marking the direction of

the paths. A few will be noted to move apparently

upwards in the sky, and there will be others with

nearly horizontal courses ; and many will be de-

scending in oblique and vertical paths towards the

horizon. Our observer, as he attentively views

their irregular and complicated motions, will be

impressed that these objects are not following any

laws capable of bemg reduced to the same harmony

as pervades the solar system ; but he will have

formed a wi'ong idea, for there can be no doubt

that they are beginnmg to be as well understood

in their motions and appearances as celestial objects

which have been observed from the earliest ages.

By persistent observations, made night after night

and year after year, it was found that shooting stars

diverged from certain definite points in the sky.

Tracing the observed paths back in the same direc-

tion of motion, it was discovered that they inter-

sected at a focus, known as the radiant point. This
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was esj)ecially noticed on cei-tain nights in August

and November, when ineteoi-s wei-e seen in gifat

aliundance. No nuitter in what region of tlie

heavens the meteors appeared, they were all di-

rected fi-om the sjinie j»art of space, and exhibited

many features in coniiuon. They converged, like

the sjKjkes of a wheel, uiK)n a common centre (Fig.

2). In 1 Til'.l. on the iii'^dit of the 11 th of November,

Fi,'. 2. lialiant Point of Sbootiu^ Stars.

Humbohlt, and his fellow-ti-aveller Bonplaml, wit-

nesse<I a great fall of meteors ; and in 1833, on the

1 3th of November, the phenomenon recurred with

much splendour, when it was i-emarked that the

vast majority of the meteoi-s had the s;ime jwint

of departure in Leo, near the star fjnmnm of that

constellation. It was therefore suggested that they

belonged to the same system, and occun-ed periodi-

CJiUy at intervals of about thirty-three years, which

more recent observations have fully borne out ; for

on the 13th of November, 18G6, there was another

brilliant di.splay of meteora. In August, too, on

the night of the 10th, a large number of the.se

objects ha<l oft^'n been ob.served. Their apparition

on St. Ijjiwrence's Day caused them to be known as

"St. LiiWTence's Teal's;" and it was remarked that

in tliis cjise the point of departure was in Pei-seus,

and that the phenomenon returned every year with

much regularity and intensity : in this respect differ-

ing from the falling stars of November, which seemed

to be more periodiail in character. Another meteor

shower of great intensity was witnes.sed on the 7th

of DecemlK-r, 1798, and on the 6th of Decemlx'r,

1838, and the memWrs of these .several svstems

were designated after the constellations from which

67

they emanateil. The Augiist meteors are now fami-

liarly known as PemeiiLi, the Novemb<'i- meteoi-s

iis Leoiiuls, and the meteoi-s of 1798 and 1838 its

A udromeJes.

As observers began to pay more attention to tliis

subject, it was .soon found that, in addition to these

rich meteoric displays just mentioned, many other

systems of a like nature were manifested, though of

minor imi)oi-t<ince. Star showers of more than usual

significance had been recorded on the niglits of

January 2nd, April 20th, October 19th, and De-

cember 1 2th ; and as ob.servations further accumu-

lated, it was sought to explain the apparition of

these singular objects. Many facts about them

tended to puzzle theorists, who had very scanty

materiiils to work upon. When Hei.s, in 1833,

began systematically to obsei-ve and record the

directions of shooting stjii-s, he entered into an

entirely new field of research. Before his time

they were seen in a vague, carele.ss way, and seldom

recordetl with any fulness or accuracy. They were

considered to be purely atmospheric phenomena,

and of little importance. It is, therefore, not to

be wondered at that the ideas prevailing were of

the mo.st crude and uncertain nature. Some imagined

that they had their origin in phosphoric fluids, which

ascended from the earth's surface at various j)oints,

and became visible when, having become decomposed

in the higher region.s, they had taken fire, and the

ignition extended itself rapidly backwards to other

parts of the column, until it came to a moisture-

laden cuiTcnt, which extinguished it. It was further

sought to establish a connection between these fall-

ing stars and gales of wind, for there are passages

in old writei-s showing the idea to have been very

jirevalent. Another theory, which also had a section

of adherents, ascribed a lunar origin to aerolites and

meteoi>>. They were said to be ejections from the

volcanoes in the moon, and that occasionally coming

within the sphere of the earth's atti-action, they were

drawn towards her surface. But these ideas gradu-

ally gave way to the more rea.sonable hypothesis

that they were of celestial origin, and revolved in

orbits around the sun as a centre. To account for

their luminous appearance, it was suggested that

on entering the earth's atmosphere, as would fi-e-

quently be the ciuse when the two orbits intei-secteil,

the concu.ssion Wius .so great as to ignite their com-

biLstible materials, and they were wholly consumetl

before rej\ching the earth's surface. The smaller

cliLss of these V»o<lies would, no doubt, be soon dissi-

pat^'d in the ui)per regions of the atmosphere ; but

it was tiiought doubtful that the ordinarv sluxiting
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stai"s belonged to the same order as the lai'ge meteors

and fire-balls, and required the same explanation.

Our knowledge in this bi-anch was, however,

most unsatisfactory, when, in 1833, and for several

yeai-s at about that period, there occurred a succes-

sion of i-emarkably fine meteoric showers, which

excited the interest of all ordinary gazers, and, what
was of mox'e importance, diverted the attention of

astronomei-s from other subjects. Professor 01m-

.sted witnessed the bright display of 1833 in

America, and was led to collect observations made
at many parts with the view to throw some light

on the subject of these falling stars. His investi-

gations led him to infer that they had their origin

beyond the limits of our atmosphere, because the

point of the sky from which they fell moved with the

.stars. If the meteors had their origin within the at-

mosphere, they must have been carried along with

the earth in its diurnal rotation. He also concluded

that the meteors were combustible bodies, consti-

tuted of light and transparent materials, and said

that Avhen massed together they formed a body

bearing a strong analogy to a comet. From this

he was led to ask whether the meteor shower was

caused by a comet which " chanced at the time to

be pursuing its path along mth the earth around

their common centre of motion." Recent re-

seai'ches now enable this question to be answered

in the afiirmative, for the periodicity and appear-

ances of shooting stars show they are closely allied

to comets, and form a number of elliptical orbits

or rings revohing ai'oimd the sun. An actual

identity was found between the orbits of several

comets and meteor showers. The eminent Italian

astronomer, Schiai^arelli, showed that the August

meteors were directed from a point in the heavens

at which the earth encountered the third comet of

1862. The elements of the two were almost coinci-

dent; and it was soon afterwards pointed out by

Dr. Peters that the November meteors corresponded

with the first comet of 1866. These important

discoveries lent a new interest to the subject, for

they put beyond doubt what had for a long time

pei'plexed astronomers. They had proved that

shooting stars played an important part in astrono-

mical physics, coming, in fact, from the interstellai'

regions, and forming the material constitution ot

comets. Though extremely small, they exist in

planetary space in vast multitudes, and compensate

for their smallness of size by their gi-eat numbers.

The original cometary systems from which they are

distributed would appear to be in process of

dissipation, or wastuig away, for it is impossible to

conceive that a body will not suffer diminution when
it casts off sucli a vast number of its atoms as fell

towards the earth duiing, say, the great meteoric

shower of November 27th, 1872. But such a

process must be very gradual ; for though, to our

conception, the number of meteors that fall is vast

indeed, yet it is trifling when compai-ed to the

illimitable supply of the parent systems, and the

density with which they are found scattered over a

long range of their orbits. Thus, in the case of

Biela's periodical comet, which supplied us with the

fine meteoric displays of 1798, 1838, and 1872, it

is certain that for at least 500,000,000 of miles

along the orbit the particles are extended in rich

profusion, and sufficient to give a display of much
splendour whenever the earth encountei-s it. Pro-

fessor Kirkwood has pointed out that in 1838 the

earth intersected a part of the comet's orbit, fully

300,000,000 of miles in advance of the nucleus,

and in 1872 the earth was immersed in the rear

some 200,000,000 of mUes.

It is evident, therefore, that if at a point so dis-

tant from the real body of the comet the particles

are so thickly strewn as to present showers of cou-

sidei-able intensity, we might expect, in the event

of the earth's collision with the actual nucleus of a

comet, a meteoric display or illumination far

beyond the experience of anything recorded in our

annals. The heavens would be alive witl^ the

swarming and seething of a vast host of falling

stars chasing each other in densely packed ranks,

and exhibiting a parallelism of motion most beauti-

ful to behold. Fire-balls of great size and rare

brilliancy would be mingled with a thick rain of

meteoric dust, suffusing the whole sky. Near the

point of sjiace from whence they came, a number of

stationary meteors, like transient stars, would be

seen ; while in a circular area, a few degi-ees distant,

a fringe of meteors would ajipear with very short

paths. Farther off, and in regions I'emoved from

the radiant point, none would be seen but those

with long, graceful courses ; and these would exhibit

greater speed than the rest, and generally be more

conspicuous. Never more than on an occasion like

this should we be thankful for the protection

afforded us by our atmosphere, which would be

certain to act as an impenetrable shield, and destroy

by combustion the meteor particles as fast as they

came on. Evidently, therefore, the earth could

suffer little in an encounter with a comet ; the

latter would be certain to get the Avorst of it. Not

only would the comet experience a considerable loss

of its materials, but its path must be greatly affected
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by the earth's po\. eifiil utti-actioii, iind hencefor-

ward it woiiKl imrsiie a new orbit ; for we know

that cometaiy motions are much liable to perturba-

tions if tliey approach ne-.ir a planet. Jupiter is a

fif<p»eiit (li.sturl»er of cometarv orbits, for his great

miuss cannot fail to exereise itself strongly u{)oii the

light aiul thin nuiterials of their composition. But

though tlie earth ha.s never yet Ix'on known to

niiHit with a comet, tlie great meteoric storms that

have sometimes been witnessed were signs that

a comet was not far oft*. There is, however, nothing

imi>ossible in such an encounter, though it is liighly

impmbablo ; and some alarm wa.s create«l in 1832,

when it was announcetl that the nucleus of IJiela's

comet j>a.sse<l within 20,000 miles of the eailh at a

{)oint which tlie eai-th would occupy on the 3rd of

Fiif. :5.-Meteor of Nov. 12, 1861. {WtU.)

December in that year : but the comet ari-ived at

the place alx)ut a month l>efore the critical date,

and lience a co]li.sion was avoided.

It has l>oen state<l that certain of the principal

meteor showei-s agree in the mo.st conclusive manner
with the orbits of periotlittxl comets. This is the

case in regard to tlie meteors of April 20, August

10, and Novemlx-r 13 and 27. But it must not l>e

a.ssume<l, therefore, that all the phenomena of falling

sUirs are to be e.\plaine<l at once on tlie same
grounds. Cei-tain anomalies have been ]>oiuted otit,

which render it difticult to harmonise theoiy witli

ol>s«Tvatir)n. In the caws alluded to. not even tlie

mo«t sceptit-al would fail to admit the wondeifid

agreement in the meteor and comet orbit.s, and

must accept the identity as beyonil (piestion

;

but in a vast number of other iiLstances no such

excellent coincidences are to be met with. Th(5

obser\ed dur.it ion of many showei-s is far Wyond
the limits a.s.signetl to them by theory. Tho.se wht)

have worked most diligently in the department of

observation aftirm that some of these meteor sys-

tems continue visible for a month and more. In

some ca-se.s, iiideeil, the time extends over two

months, and even Ijeyond that occasionally. Now,

it Ls cei-tjiin that a meteor sliower brought alx)ut by

the intei"section of the eailli and a comet's path

ftiu la-st only a few days (except in a si)ecial Ciuse,

when the duration may l>e longer), and that there

will Ixi a short iKjrioil of maximum intensity. The

earth in her orbit travels over about one and a half

millions of miles in a day, and hence must very

soon make her pius.Siige through the meteor stream,

unless it has far wider ])roi)ortioiis than is con-

sidered i)robable. In the ca.se of the several systems

specially refeiTed to as agreeing with comets, the

shower of meteoi-s is of very short endurance, and

seldom exceeds one or two nights in its real in-

tensity. They conform precisely to what theory

teaches. But how shall we explain in the same way
a meteor shower continued during two months V

Obviously the obsen"ations are false, or theoiy re-

quires modification. The difficulty may, to .some

extent, be got over if it is granted that these

meteor streams have each become scattered, or

widened out, over a vast space by the annual

effects of the earth's attraction as she sweeps through

them. This having been going on for many ages,

it is probable that they must suffer considemble

distortion ; and if this is what has actually taken

place, without any material displacement of the

radiant points, we can understand how these long-

continued showei-s have their origin. At present,

it has been attempted to account for them on tlie

supposition that each one consists of several distinct

.systems succeeding each other from the .sjime direc-

tions, but the explanation is untenable in the face

of the numerous and exact observations supi>orting

a contmry view. Meteore are frequently seen

coming from the sjime points in the sky for two

months, almost without appjircnt ces.sation, and it is

only fair to conclude that they Ijelong to the same

parent system. If our prest^nt idi'.-us a.s to tlie

nature of meteor orbits cannot exi)lain, then they

must ])e remoilelled on the basis of ol>served facts.

It will never do to make observation sub.servient to

theoiy, or we shall have a bad precetlent, and one
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which can only tend to stultify original research.

Our knowledge in this department is admittedly

very recent and incomplete. We must continue for

many years to gather materials, taking as little as

possible for granted, and bearing in mind that there

is great variety displayed throughout the planetary

system, and that in the vast assemblage of meteor

swarms enveloping the earth we may find many
varieties of orbit and origin. There may be terres-

trial meteor rings that have an analogy with the

zodiacal light. The planets Jupiter and Uranus

have each their families of comets, and it is possible

that the earth is attended by a number of the same

bodies, the scattered and attenuated nature of

which place them beyond the i-ange of visibility.

Evidently, we have much to learn about these

shooting stare and about their allied comets ; and he

is wise who works and waits, without a too hasty

assumption of knowledge that we do not possess, or

a too ready broaching of theoi-ies based on insuffi-

cient materials.

It was long known, before the fact of a connec-

tion with comets was ascertained, that shooting

stars moved with planetary velocity, and that

their average height above the earth's surface

was less than 100 miles. The same meteors were

occasionally observed at two diflferent stations, and

the paths, when compared, showed a large displace-

ment or parallax, and the amount of this aflforded a

ready means of calculating the meteor's height

above the earth, the actual distance (forming the

base line) separating the two observers being known.

Brandes found, as eai'ly as 1823, that of 100 shooting

stars seen, twenty-two had an elevation of between

twenty-four and forty miles, thu-ty-five between forty

and fifty miles, and thirteen between seventy and

eighty miles. Of sixty-six shooting stars recorded

in August, 1863-71, Professor Herschel determined

the average heights as seventy-eight miles at first

appearance, and fifty-three miles at disappearance,

giving an elevation of sixty-five and a half miles at

mid course. The velocity of a similar number of

meteors he found had an avei'age of thii'ty-four and

a half miles per second. Heis's work, embracing a

summary and analysis of forty-three years' observa-

tions, gives the heights of 262 shooting stai-g. The

largest number first became visible at sixty-seven

miles, and disappeared at forty-four miles. The

several results .show differences, but it must be re-

membered that these bodies vary a good deal in

their heights and velocities. The latter element

depends upon the position of the meteor orbit with

respect to the earth at the time of intersection. If

the meteors are coming directly from that point

towai'ds which the earth is moving in her orbit it

is evident that they will be of extreme swiftness,

because theii* orbital speed is increased by the

earth's, which corresponds to eighteen and a quarter

miles per second. The Leonids of November nearly

fulfil this condition, and their calculated speed is

forty-four miles a second. On the other hand,

meteors comiiig from a stream pursuing a similar

course to the earth will be characterised by slow-

ness of motion, because they have to overtake the

earth, and then- orbital velocity is lessened by the

amoimt of the earth's velocity to the extent before

mentioned. The Andromedes (or meteors of Biela's

comet), visible on November 27, partake of the latter

class; hence their calculated speed is only twelve

miles per second. Thus it is evident that the

Fk
, 4.—Luminous Trail left by the Meteor of Oct. 19, 1877.

First Effect. Second Effect.

apparent velocities of shooting stars depend in gi-eat

measure upon the angles at which they meet the

earth.

It is difficult to select, from amongst the large

numbers of known meteor systems, those Avhich

afford the most conspicuous displays, but it is

believed that the following short table comprises

many of them. The positions are given in right

ascension and declination.

Jan. 2—3 .

Jan.
Jan.—Feb.

Dec—Feb.
Feb.—Mar.
Feb.—iSIar.

April 19—20
April—May
April—June
]May 2 . .

July—Aug.
July 27—29
July 30—Aug
July—Aug. .

234°-^ 49°

230 -I- 30

180 -I- 35

131 -f 48

180 + 56

175 -f 14

272 + 35

204 + 56

235 -I- 23

326— 2

6 + 37

341 — 14

32 + 53

282 + 60

July—Aug.
Aug. 10 .

Aug. 6—12
Aug.—Sep.

Sept. 1 . .

Sept.—Oct.
Sept.—Dec.

Oct. 18—20
Oct.—Nov.
Oct. . .

Nov. 13 .

Nov. 27. .

Dec. 6 . .

Dec. 9—12

. 309°+ 480

. 44 + 56

. 96 + 72

. 335 + 52

. 306 + 54

. 46 + 35

. 83 + 50
. 90 + 15

. 60 + 20

. 107 + 25

. 149 + 23
. 25 + 43

. 80 + 23

. 105 + 32

The durations must be regarded as very uncertain.

As to the number of meteors a person may

expect to see on ordinary nights, Schmidt and
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several other observers have given the horary i-.ite

for each month in the year, but then- tiguix's are

much below the true values. Ten jK-r hour in the

evenings and nearly seventeen in the mornings are

the average numbei-s found by the writer, from obser-

vations of 3,323 shooting stai-s during the bust six

months of the years 1876—78. For the tii-st half

of th<' var the fi«'mf>i will ]>o somewhat less. In

Fig. 5.—Firt-ljall of Stut. 7. 1K75. Meteor of Nov. 27, lb77.

(Observed by H. Corder at Chelmsford.)

the morning hours shooting stars are very fi-e-

quent, as a rule, and occasionally fall in unusual

numbers.

The same systems supply large and small meteoi-s.

Fire-balls (of which examples are given in Figs. 3,

5, and 6) intei'si>erse with the most minute of these

objects. As to theii- actual size, little can be

ascertained with cei-tainty. It is difficult, esi>ecially

in the case of bright meteors, to separate angidar

diameter from the effects of "glare." The tire-ball

of November 23, 1877, was estimated to have jin

apparent diameter of half a mde, but the solid

nucleus must have had vastly smaller dimensions.

The ordinary class of shooting stars are extremely

small, and are conspicuous more from their light

than size. Observations, a few yeai*s ago, placed the

weiglit of twenty of these Ijodies as varying l)etween

30 gi-ains and 7i pounds. The ntimljer of small

meteors also vastly exceeds those of great brilliancy.

In the catalogues of meteor observers they are

classed according to their brightness, as compai-ed

with star magnitudes. Tlie writer, in order to

determine the relative percentage of the various

magnitudes of meteors, sorted out more than

50,000 shooting stai-s in various lists, and found

that the best observations showed the following

avenige pro])Ortion8 :

—

EiceediDK EqiuU Ut 2nd umg 3rd imur *^^ ?^'- ""**

lat nuitoutude. lua^.
^^ ^^ below.

30 10-6 18-4 26-2 418

The results indicate a progi'essive increase of 7 J per

cent.

It is often asked, What becomes of the vast num-

ber of falling stars which enter our atmosphere t

It is imi)o.ssible to conceive that they are utterly

ilissipated and vaporised in the up|)er regions.

The probability is that after combustion they

tie frittered into dust, which slowly subsides

upon the earth's cinist ; for it has been shown,

iliat though many of the particles of dust that

re always floating in the air rise from the soil,

Mjme display a ])eculiarity of comj)osition and

luim strongly suggestive of a celestial origin.

A fall of " cosmical dust " has been inferred

from the investigations of several scientists,

whose conclusions ap{)ear to be that iron Ls

mingled with the dust that has been accumulated

iu church towei-s by the winds of ages, and that

this iron, as it floats in the aii-, is often trapi>ed

in its fall by snow, which frequently gives traces

of it. In 1875 and 1876, a quantity of du.st

was collected from the towei-s of cathedrals and

other elevated jx)sitions, and placed under

chemical and mici-oscopical analysis. The appli-

cation of a magnet proved it to contain minute

spherical corpu.scles, with a slight roughness, which

matle many of them l)ottle-shaped. Snow was also

collected at many places in France, and by Nor-

den.skjold in the aretic regions, care being taken to

^^^v^^^H
I

^Kv'':'« ^^^^^^^i^^^^^H

:

^^Ki -^]^^^^^T^^f^^^^^^^H
^^^M^^id^^^^^^^^^-ov^^^m^^^^^^^^^^^^1^^^^^ .^^^H ^^^^^B ' * ^^^^^1

i^^^^^^^^^^H

Fig. 6—Fire-ball of Oct. 7, 1867.

avoid the lower and upper layers, and the presence

of iron was detected in each of the residues, and

there were irregular particles which were influenced

by the magnet. A continuous fall of cosmiciil

dust of meteoric origin seems to be the probable

inference from such inquiries, and the further

development of lalx)ui-s in this direction may Ofjen

out .some interesting j)oints and explanation* in

regard to many ob.served phenomena.
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CONTINENTAL ISLANDS, AND HOW THEY WERE EOEMED.
By Pkofessok P. Maktix Duncan, M.B. Lond., F.E.S., F.G.S., etc.

MOST people avIio travel, occasionally find them-

selves on an island ; and those who do not,

may still have the opportunity of seeing the cliffs

of Calais from the English coast, of observing the

Isle of Wight, and of tracing the outlines of the

bold hills of some of the islands, far out at sea, to

the west of Scotland. The sea intervenes in all

these i)laces, between the more or less distant land

and the observer, and its floor is deeper down—
usually midway—than elsewhere. Were it not for

this sea, and the trough over which it rolls, the

lands would, of coui-se, be continuous. The land-

scape, is much the same on both sides of the Channel

near Calais and Dover, and on the mainland and

isles of the West of Scotland ; and a very slight

amount of attention will show that the earth com-

posing the separated districts is of the same kind.

The impression is given to the mind that the sea has

been an invader of the land, and that France and

England, the Isle of Wight and the mainland, and

the isles of the West of Scotland and the mainland,

were once united. Certainly the separation is in-

creasing, for year by year the cliffs of the south and

the bold rocks of the north-west, are worn and

graduallyremoved by the winds and waves and tides;

and this adds to the belief in their former union.

Some hours of rapid steaming pass, before the Iiish

coast is i-eached from the West of England. Deep
water is passed over, and the green island is seen

sloping up from the depths in some places, and, if

the Aoyage is extended, precipitously in others.

Travel over the country, and the sea is seen

breaking, more or less, all around its coast. On
the west of the island, where the swell of the

Atlantic comes on to the shore and rocks, often

with almost irresistible force, there are traces that

tlie land once extended where there is now sea,

for a broad submarine flat slopes very gi-adually

into the Atlantic ; and there are, moreover, some
rocks which are standing away from those of

exactly the same appearance and height on the

mainland, and which in some instances are suf-

ficiently large to be called isles. In the case of

Ireland there is not much difiiculty in believing

that it was once more extensive than it now is,

and that its western coast was once far out

where the Atlantic now rolls, and that its north-

eastern pai-t must have reached far towards the

formerly nearer Scottish coast. But there may be

some difiiculty in the mind of any student who-

may cross the Irish Sea in believing in the former

union of Ireland and England, mucli as he might

desire it, at the present time.

But it might be urged that as the coast-lines of

both countries are now wearing away, Ireland and

England were once no more separate than Angle-

sea and North Wales ; and as the Menai cliffs da
wear backwards, he might conclude that in the

distant past the sea began to make inroads and

disiuiite the lands.

The present rate of coast-wearing would, how-

ever, be insufticient to account for that of the great

mass of intervening land, unless an enormous lapse

of time can be admitted to have taken place since

the separation commenced. One thing strikes every-

body who rambles over England and Ireland, and it

is, that thei-e are in both countries jjlenty of the same-

kinds of Avild flowers, of small birds, and of not a

few little wild animals Avhich could not by any pos-

sibility float, fly, or swim across the Irish Sea.

Either they were created and placed on both

countries, or they were once on a common land!

which has been separated into two. Tliere are

some skeletons of large animals found in England

and Ireland, in situations which denote that the-

surface of the countries and the climate have been

very different to what they are now, and just

before the possessors of the bones lived and died.

The animals were gigantic, and their kinds no-

longer live on the face of the earth. The mam-
moth, a large kind of ele})hant, and the megaceros,

a kind of elk (Vol. I., p. 286), were amongst them,

and it is quite evident that they swarmed over-

Ireland and England. It would appear that they

could not have lived in Ireland or in Western

England during the duration of the particular

climate just alluded to as existing before the days

when their bones were buried by Natui-e in British

and Ii'ish soil, and it follows then, that the mam-
moth and elk could roam where the great sea now
rolls.

In the English Channel there are some relics of

the former land which once connected this country

with the Continent. The long lines of the Goodwin

Sands, and also of the "Gallopers," are founded on

chalk, which was worn down and planed l)y the sea

as it invaded the land centuries ago, but which

was once hill and dale, like the neighbouring
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country. Siinil;ir iiitfiine<liate worn lands aiv to

he found els«'wlifre, and their placf is often occupied

by ixx'ks which liave not yet been worn away, and

which once fornietl jKirt of the niainhuul, or by

little islets, like those of Stilly, which evidently

have l)een sejuinitetl from the mainland, coni}iani-

tively lately in the <i;eologic!il history of the world.

It api^ai-s fi-oni these considerations that when

two tnicts of land, however difteivnt their size.s may
be, are sepai-.iteil by sea, their former continuity

may be sliown by probable evidence of the most

satisfactory kind, and which is founded on the

value of the observations that the scenery of both

places is much alike, that they consist of stnitji

which were once continuous, that animals and plants

which cannot move over the .sea are common to

them, and that the wear and tear of their cliffs is

still proceetling. From these facts and opinions it

follows that some islands were parts of a main-

land within the lifetime of the existing species of

animals and plants.

There are, however, indications all round our

coasts that some other causes than simple marine

and atmospheric erosion and wear and tear, may
have assisted in the separation of tracts of land by

the sea, and, therefore, in the protluction of islands.

At low spring-tides, after gales of wind have causetl

the waves and currents to sweep the shore

pretty clear of sand and shingle, the remains of

what are called " sunken forests " are frequently

found. Stumps of trees of such kind as the oak,

for instance, of gi-eat size, are seen more or le.ss

liidden in mud, and an excavation will show that

the roots exist in their original position in the earth.

The oaks grew there, but now tliis kind of tree

does not flourish within the reach of the spray of

the seju Hence it is inferred that the land Las

sunk and the .sea ha.s invaded old forest tracts.

The stumps have been preserved, and the rest of the

ti-ee has gone. It may, moreover, be suggested,

and with much probability, that the incursion of

the sea in those places was rapid, and that the land

wore away and sunk at a greater rate than the

forest land could become bare of its trees from the

effects of a sea-side climate. Again, in many
locidities on the sea-coast there are ralse<l loaches,

or places where a relic of a former shore may b(;

seen up the cliff side many feet—and scores of feet

in some instances—al)ove the level of the present

shore and high-tide mark. The land ha.s risen out

of the .sea, then, and the old coast-line an<l shore

dej)osits liave Ijeen all woni away, except the little

relic. These evidences of the fonner sinkinim and

risings of the land may l>e seen in many pla<es on

the .se:i-side Ix^tween mainlands and islands which

are' within sight, or nwirly .so ; and this fc)rmer

in.stability of the land must have ])ix)<luced r<'sults

ending in the r.ipid sejMinition of the fornn r con-

tinuous land into mainland and island. Of <'«»in"se,

upward and downward movements of the shores

would tend to the bi-eaking up of the .'Ojist-

line, and its ea.sier and more rapid destruction by

currents, tides, and waves.

There are .some islands close to continents « hich

have been mainly protluced by movements in the

crust of the earth. Thus the Island of Boni))ay,

ofl' the west coast of Hindostan, hius result<'d from

the Ixxlily sinking down of the coa.st-line seawards,

along a line parallel with the former coast. The

mainland there, is comj)o.sed of hard rock .-ailed

ba.siilt, which was once cast forth as lava from the

volcanoes of the age. This bas;ilt is found in flows

one over the other, and extends in the centn' and

west of the peninsula of Hindo.stan over 200,000

square miles. It was once 5,000 feet thick, and

about 2,000 feet of it have Ijeen worn away

from the top on the mainland. But a falling-

Ln occurred along the western coast-line, and the

very top of the btujalt formation is seen

on the outskirts and in the midst of Bon i)jay.

Falling down into the cnist of the earth along what

called a line of fault, the tojjmost Y>art of the

thick deposit came to be just above the le^el of

the waves, and it has l)een preserve<l from the

wear and tear which have gone on over the

mainland. AVorn away, however, much of the

sunken part has been, but there is a relic of

the past in the island, and evidently this sub-

siding or faulting has had much to do with the

separation of it from the mainland. The wearing

of the sea, and of the air, and i-ain, and streams,

a.ssisted by the movement of the cuirent along coast-

lines, has had much to do vnth the foi-mation

of some Islands. A.ssisting these }x)tent jMjwers

has been the action of rivers near their months.

The out-rush of river water, accompanied bj- tidal

scour, weai-s away the land at the river mouth

very in-egularly, and hence small and larg«; islands

are to l)e seen in the estuaries an<l mouths of some

rivei-s which are really relics of formerly continuous

mainland. Probably the fonnation of the Isle of

Wight, and its separation from the mainland, was

l>artly <lue to the gradual wear of the rivers which

flowed southwards from tliis last, ami northwards

from the i.slaiid. Denudation, the remov.-il of its

products, and the slight movements of uplie^iviJ
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and subsidence on or about the coast-line, have

produced, therefore, the gi-eatest number of islands

which are situated close to continents or to large

tracts of land. On the other hand, many islands

have been formed near coasts in the line of the

outpour of rivers, in what are called deltas, by the

accumulation of sediment brought down by the

stream, century after century, and which has not

been caiTied off to sea by the tide.

The gi'eat islands which are situated close to

continents, or which ai-e not too remote to appear

never to have belonged to one gi-eat mass of land,

on maps, are somewhat numerous. Amongst them

must be included the follo^^dng : Tierra del Fuego,

at the southern point of South America, Vancouver

Island and some others north of it on the west coast

of America ; the Japanese Islands and Sumatra,

off the east coast of Asia ; Tasmania (or Van Die-

men's Land), to the south of Australia ; Ceylon to

the south of Hindostan ; Madagascar, to the east of

Africa ; the British Islands ; Sicily, Cyprus, Sai'-

dinia, and Corsica, and others in the Mediterranean

;

Newfoundland, off the east coast of North America;

and Cuba, Jamaica, San Domingo, and Trinidad in

the West Indies. The remarks already made will

apply to these islands, for thei'e is no doubt that

they were once connected with the mainland

nearest to them. The word " once " has a veiy

wide signification so far as lapse of time is con-

cerned, and it must be remembered that the physi-

cal geography of the present age was foreshadowed

and prepared during not only the last geological

age, but during several antecedent epochs. If the

proof of the former connection of certain islands

with the mainland were to depend on perfect simi-

larity of the animals and plants of both localities

alone, the evidence would fail in some instances,

but the geoloadst will be able to show in those cases

that the construction of the surface of the earth

was the same then in the island and on the conti-

nent, but possibly so long ago that the plants and

animals have not much now in common, and that

still there can be no doubt about the former con-

tinuity of land.

This can be understood by examining the trend,

direction, and geology of the mountain systems of

the continent and their relation to those of the

islands. Geographical science has long since ex-

ploded the idea that the great mountains of the

globe are in the centre of continents, and has shown

that many are in parallel chains more or less close

to the gi'eat oceans. Tliese chains are broken by

cross ranges, are often not continuous for great dis-

tances, and the valleys separating them are of all

breadths, and are also parallel moi-e or less with the

sea-coast. It must not be forgotten, however, that

the youngest mountains of the gi-eat land-mass of

Europe and Asia are an exception to the general

position, for they run across the continent, remote

from the gi'eat seas ; but nevertheless their chains

present much parallelism. Now, omitting these

last from the argument, it is perfectly evident that

some of the islands near continents once formed

part of the great land-mass because they contain

mountains parallel to those on the mainland, and

of the same geological formations and age. In the

island, as a general rule, the highest mountain

chain is central, or it may be made up entirely of

movmtains standing in deep water.

Looking at the instances mentioned, there is no

difficulty in believing that Tasmania once formed

part of the Australian alpine coast system, or

that Madagascar was once part of an African coast-

line. The same ancient condition may be extended

to the islands on the north-west coast of Africa.

The separation has been due partly to wear and tear,

but mostly to irregular upheaval and subsidence.

To estimate the amount of wear and tear and ruin

of coast-lines, it is necessary to remember that many
great rivers run right through the course of moun-

tain ranges, and that they once flowed at a higher

level inland, and wore theii* valleys down simulta-

neously with the erosion and widening of the

channel through the hills to the sea. Tlie action of

the sea and tide on most coasts is less rapid than

that of the running waters and scour of rivers in

wearing down gorges into the sea. Isolation of a

part of a coast-range can take place by the sea

breaking the continuity of river-valleys which run

parallel with the coast-range. It is evident that

the sea does not ei'ode its bed at any great depth

under ordinary circumstances, and that its floor

accumulates rather than loses. But currents and

strong tides assist the erosion of the sea, and pro-

bably render it a wearing agent at gi-eater depths

than may be imagined. The moderate depth of water

which often exists between some islands and

continental tracts seems to be accounted for by

the eroding action of the sea alone. Marine

erosion, however, has produced only a pai*t of most

of the straits between discontinuous land ; the

rest has been due to tidal movement and to the

pre^dous condition of the valley which once

separated the coast-ranges, the outer of which has

become an island, and to movements in the crust of

the slobe.
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Common sense might lead to the belief that the

more distant Lshmd was invariably the oldest in re-

lation to the neighlx)uring continent ; and there is

nnieh truth in the theory. Thus in Asia, some of

the gr'-at islands of the Indian Ocean bear a re-

markable relation in distance and in their mountain

c"ontinuation witii the mainland. There Ls a ninge

of mountains ruiuiing from north to south, and ap-

j)iU-ently terminating in an easterly bend in the long

The thini, or eastern range, d<K's not ai)i><'ar to

have a continuation; for the other great j»artly sub-

merged mountain mas.ses, and now known a.s islamU

—such as Formosa and the Philippines—belong to a

cut-otl' coiust-line. Sumatra and Java are sepai-.ited

but for a few miles from the Malay jK-ninsuIa, and

thei^'fore it may Ikj a.ssumed that the fomier con-

tinuity dates back for no very gi-eat lapse of time.

Now look at Eiistern Africa, and there, sejtai-ated by

120

z'i-K^lingF.

Fig. 1.

—

Map of the Mauy Pknixscla axd adjack.nt Lslaxiif.

jioninsula of ^lalacca. To the west of this range

is a smaller one, j);issing froni the esustern Hima-

layas southwards, in the district west of the Irra-

vady River, to the coa.st ; and to the ea.st, sejiarated

by the valley of Siam, is the chain of hills which,

parallel with the othei-s, limits Camboia. These thi-ee

))arallel ranges are stopped, as it were, by the sea;

but not so in the eye of the geologist. For the fii-st

mentioned can be traced in a line of islands, or sul)-

n\erged mountain tops, from Singapore to Borneo,

oti" the east coast of Sumatra ; the second is recog-

nised in the Andaman Lslands, the Nicobar Islands,

Ac., and in tiie long central mountain i-anges of the

islands of Sinnatm and Java (Fig. 1).

68

300 miles, is the great island of Madagascar, whose

mountain system is clearly a ])art of an old African

land ma.ss. It is credible that Madagascar has been

.s(>pamted from Africa longer than the other islands

have been separated from Asia.

Tlie former connection of all these islands with

their nearest mainland may be inferred, on the

])rinciple already albuh-d to in this paper.

That is to say, there being animals and ]>lants

of the same kinds on the continent and on the

island, it is believed that they once lived on

the land where there is now the seiwrating

sea. A very slight alteration in the ni>rtli

of the jieninsnlu of Malacca would nuike it
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into an island ; and its plants and animals—tbe

same in species as those of the neighbouring part of

Asia—would be cut off from their fellows. The

Germans call these peninsulas " half-islands," and

a veiy good term it is, for it expresses much besides

the simple geogi'aphical fact. Now the islands of

Sumatra and Java cleai'ly once foi-med a part of a

" half-island," and their plants and animals were

separated when the sea came in on the land, as it

was worn or sunk at the present straits. The

depth of the intervening water, which, if occupied

by land, would ccrmect these great islands and the

mainland, is about 300 feet only ; nevertheless, it

is a barrier which prevents the gi-eat and small

land animals from passing over. The Indian

elephant, so common in Hindostan and in the

countries to the East, is found in Sumatra ; and a

rhinocei'os found in Sumatra is of the same kind as

one which lives in Bengal. In the next island,

Java, the rhinoceros is found, and it is of the same

kind as that of the IMalay peninsula ; there is also

a wild ox in the island, which is of the same kind

as one which is found on the Asiatic continent.

Again, an ape called the siamang, which can only

live in the forest up in the trees, is common to the

Malay peninsula and Sumatra. Another, the

"wow-wow" gibbon, leading a similar life to the

siamang, is found on the mainland and in Java.

The vegetation of the islands is that of the main-

land close by. All this leads to the belief that the

sepai-ation of these great so-called continental

islands took place from the mainland not so very

long ago, and that it occurred during the lifetime of

the kinds of elephants, rhinocerotidae, gibbons, dec.

;

that is to say, since the present species have existel,

and not before. Java is farther off the mainland

than Sumatra, and it is foiuid that about one-half

of the larger animals of one island are found in

the other, but the rest are not. Besides the crea-

tures whose kinds were in existence when Sumatra

and Java were one land, thei'e are others, many of

which, probably, have no relation to the former

geographical continuity. These may be called

peculiar. Long-armed apes of the genus Gibbon

are found in the forests of many of the small islands

to the east of Sumatra and Java, which are the

partly submei'ged continuations of the north and

south mainland mountain chains, and they are all

forest monkeys. Hence these islands may be

regarded as having once formed a part of a forest

land continuous with the continent during the

lifetime of the species of the monkeys. Still

farther to the east Ls the great island of Borneo,

forming now part of the parallel off-cutting of the

continent of Asia, and once on a time a part of the

same gi'eat country as the other islands. The
wow-wow gibbon is found in Borneo as well as in

Java ; and probably at least one-third or one-half

of their other animals are of the same kind. Again,

the elephant and tapii" of Borneo are of the same

kind as those of the continent close by. All this

proves that these islands and the mainland have

been one at some time during the lifetime of the

elephant, tapir, and gibbons ; and the gi-eat number

of species which are common to all these now
separated districts, indicates that the age when they

were di^'ided is not veiy remote in the past. But

the peculiar kinds of animals in the islands

just noticed must have been introduced by acci-

dent or by birth since the islands were. These

facts place the date of the separation a little

remotely, and connect it with the end of the last

geological age.

Take Ceylon as the next example. It is close to

the southern end of Hindostan, and its mountains

are of the same geological age as those of the east

and centre of that part of India. There ai*e ele-

phants in the island of the same kind as those of

the mainland, and some monkeys are the same,

and others differ. The assemblage of animals and

plants of the two neighbouiing regions is so similar

that there can be no doubt that the age of their

separation is comparatively late in the world's

history.

Distant Madagascar, however, tells a different

story when its position and natural history are

examined. It is a large island, Avith rather com-

plicated mountain systems, and might be considered

a little continent, were it not surrounded by sea,

and close to land somewhat resembling it in its

hills and theii* component layers. The sea is 300

miles mde which parts it from Africa ; it is

dee2>, and there is a strong current. If the island

and Africa were ever united, it must have taken

ages to have worn out such a space as the Mozam-

bique channel between the two. The animals on

the African coast and inland, such a-s the elephant,

hippopotamus, giraffe, rhinocei'os, and the great and

small monkeys, are not found in Madagascar. Thei-e

is not an animal which can neither fly nor swim

which is common to the separated disti'icts.

Madagascar has a host of animals which are called

lemui-s—furry, active, four-handed creatures, usually

with long tails (Fig. 2). None of the Madagascar

kinds are found on the mainland. Tlie mainland

lemui-s belong to genera which are different to those
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of Mailugasc-ar. It is an iuteresting fact that a small

or pigmy hippojK)tamu.s apjM'ui-s to have lived in

Mudiigiusciir in the ancient time, for its bones have

l)een fountl there included in lat** geological defxisits.

The pigmy hipjwjwtanius lived far back in time, for

From all these considerations it may Im; gleaned

that Ma<laga.scar once form<'<l a pail of Eastern

Africa ; and that during a long lapse of time the

300 miles of deep sea have been got out of tlie land

by cun-ent movements, by atmospheric wreckage,

I

Lkmu.is of Madagascar.

its remains have been found in the islands of Malta

and Crete, and in the Morea. It resemVjled greatly

the small hipjKJiwtamus which now lives in Liberia,

in Africa, and probably was the same kind. More-

over, there are some small islands between Africa

and Madagascar, some of which are remote from

the island, and others which are (juite close, and

these have the peculiar Madagascar lemurs on them.

and by crust movements. So long ago was the

sepai-ation, that it was l>efore the world of monkeys

enlivened the Africtin forests, and befoi-e the gi-eat

animals of the continent lived, the pigmy hipix>-

potamus being the exception. All this indicates

a gi-eat lapse of time, and a much gi^eater one than

that which occuiTed in the instance of the islands

of Sumatra, Java, and Borneo in relation to Asia.
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TEETH.

By Dr. Andrew "Wilson, F.E.S.E.

"VTO structures of the liuman body are riore

-Li fiimiliar to ordinary observation than the

teetli. In lower life, the teeth are equally well

known and readily distinguished, even amidst varia-

tions in form, size, and appearance—variations that

are often of considerable extent. Common as these

organs are, however, their structure is a matter con-

cerning which only students of natm-al science possess

definite information ; and the true nature of teeth,

and their relationship to the other tissues by which

they are suiTounded, form subjects all unknown save

to the learned few. Nor may the teeth intei-est us

in theii- natural history alone. Among the many
misfortunes to which humanity is liable, not the

least serious and annoying are those evils which
beset our teeth. And if the metaphysical doctrine

that an analysis and understanding of our pains and
sorrows be a proceeding tantamount to their miti-

gation and relief, a study of the natural history of the

teeth may prove perchance to ameliorate, in a phi-

losophical sense, some of the pains of man's estate.

The true nature of the teeth may form a fit

subject for preliminary remark. Were the ordi-

nary reader asked amidst which structures of the

body he would classify the teeth, his natural reply

would likely bear that the teeth belong to the skele-

tal portion of the body, and are allied to the bones

in their nature. Such a remark would further seem
to be fully borne out and supported by the super-

ficial consideration of the teeth themselves. They
are hard, dense, bony structures, bearing outwardly

the closest possible resemblance to bones. They are,

moreover, firmly fixed, in man and his nearest rela-

tions, in cavities or sockets excavated in the jaw-

bones, and are thus placed in very intimate connec-

tion with bony structures. Plain as would seem
the inference to be deduced from the foresroinir fact

-—namely, that teeth are simply modified bones—
the physiologist finds good and sufficient reasons

for fully denying the apparent connection which

might be regarded as existing between the skeleton

and the teeth. The latter, he maintains, are not

parts of the bony framework. In a true or natural

classification of the bodily belongings, the teeth

would be placed in qoite a different section from
the bones ; and it is doubtful if any relationship,

other than a superficial resemblance in chemical

composition, can be .shown to exist between bones

and teeth. Let us try to ascertain the gi'ounds for

the physiologist's separation of these two structures y

and in so doing we may glean some important in-

formation concerning the manner in which the true

relationships of the structures of living beings are

discovered.

In the endeavour to trace the nature of some

of the existing features of society, such as its mar-

riage-customs, or any of the institutions which mark
the social life of our age, the investigator has re-

course to antiquarian lore, and to the primitive his-

tory of our race. Therein he tries to discover the

first beginnings of the habit in question, and if his

search be successful, he will be able to trace the

growth of the custom, and the history of the in-

novations which have suited or adapted it to the

gi-adual advance of mankind. What is true of an

investigation into man's personal history, and into

that of his customs and habits, is equally true of

the method whereby we arrive at the history of the

Fig. 1.—Teetli of Man, showing the Milk and Pennancnt S-.ts.

(After Oiceii.)

'J*,c*,pm'*, 7)»i«*) the Tcniimrary Incisor?, C:inini'S, nnil Mulnrs; (i',i^,C,
pill', pill*, iit^, Jif, )«') tbi' IVrnianeiit Tifth euccei'dingtlie Milk St-t.

structures of which his frame is built up. In either

case, the subject under our investigation does not

explain itself by its present aspect. We must travel

back, in either case, to the beginning, and try to

trace through develojmient the true nature of the

subject or structure under consideration.

Apply these remarks to the investigation of the

teeth and their nature, and we shall S2)eedily
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tiinl ifiisons for the soitamtion of tlie teeth iind

l)Oiies. Suppose we watch tlie ileveh>))im'iit of a

tootli, we may fiiul that its lines are hiiil down,

so to sjieak, in a very diflerent manner from that

in whieh the bones are fashioned. Man and higlier

aninials, as most readei-s ai-e aware, i)Ossess two hiyei-s

in the skin. Tlie outer hiyer, as we know from our

exjH^rience of ordinary life, is devoid of bloo<.l-ve.ssels,

and destitute of nerves. This outside layer is the

epidt-nnit* Beneath the epidermis we find the

under skin, well supplied with nerves and blood-

vessels, and known as the ilermia.f This under

layer of the skin is the more imjwrtant of the two,

since it is by means of its nerves that we feel, and

throuirh its " sweat-glands " that we "et rid of a

large pi-oportion of the wa.ste mattei-s of our boilies.

But these two layers of the skin, viewed altogether

apart from these functions, also serve to form and

tlevelop certain hanl j)artii, which come in due time

to iussume a j>ermanent place in the structure of the

lx)dy. Tlius, for instance, the nails are formed by

the epidermis ; and haii-s as well as featliei-s are

no less typical developments of this outer skin-

layer. The calloaities, or hard patches or knobs,

we see on the inner aspect of a horse's legs, or on

the camel's breast, and horns themselves, may be

also regardetl as typical belongings of the outer skin.

Indeed, the well-known "horn" borne on the nose

of the rhinoceros, in its essential nature, is but a

bundle of closely-jiacketl and somewhat altered liaii-s.

The dermis or under skin also devotes ])art of

its vit{\l energy towards the fomiation of hard

stnictures. Tims even within the limits of the

gi-eat class (MammaUa) including man as its

highest i-epi-esentative, the under skin presents us

with evidences of its power in forming hard struc-

tui-es in the ]x)ny plates which, like a veritable coat

of flexible armour, invest the armadillos of South

Amenca. But the under layer of the skin also

])osse.s.ses a more special interest for us when we
discover that it is to this layer that we are indebted

for our teeth, and that teeth in reality must be

dassifieil with the skin and its products in a

tnie arningement of the body and its pai-t.s. At
the margin of the lips, the outer layer of the skin

merges into the delicate structure seen in the lips

thems<'lves ; and this latter layer in its turn merges

into the still moi-e delicjite layer which we familiarly

t<-rm the " gum." The " gum " is in truth simply

an altere<l under-.skin, and it is to the g\mi tliat

we must IcK^k for the explanation of the formation

of a t(X)tli.

Tiie l-M'giiniings of tooth - foraiation tike ])lace

at a very early perioil in the life-history of man
and his animal neighbours, and the first ti-aces

of this work result in the pitxluction of a semi-

circular groove nnining round the ui)i)er jaw. This

is the primitive dental groove of physiologists. In

• Sometimes called the ecUron. f Or ( ndtrxiii.

Tig. 2.—Teeth of Lower Jaw of Man.
(Ai Side Vii>« ; (ii) Urinding Surface. (Uifrrcncts ns in Kit:. I.)

the floor of this gi-oove apjwar a number of little

projections or papilla', each of which maybe legaixled

as a veritable mould u|)on which a tooth is fonneil.

The dental groove next becomes contracted ; its

edges tend to gi-ow together, so as to inclose the little

papillae ; and by a further development of the groove,

each papilla; becomes inclosed in a little chamber

or comi^artment of its own, named a follicle. It

may be well to remark at the present stage of our

inquiries, that the follicles are simply the repre-

sentitives of the future " sockets " in which the

true teeth will l>e duly and securely lodged. In-

closed within their compartments or follicles, the

little papilla} begin to grow rapidly, and to assume

each the form of a tooth. The ui)per ])art of each

jwpilla has a little cap, which forms the enamel of

the future tooth ; whilst the substance of the papilla

itself is devoted to the formation of the dentine or

ivory, of which the gi-eat bulk of a tooth is coni-

I>osed. Ultimately the great bulk of the papilla

will become the jntljj of the tooth ; and as soon ;is

the proper j)eriod anives, the gum will give way
thiough the pressure of the tooth upon it, and the

tooth, making its entrance into its proper sphere of

action, is said to be '* cut." Thus the study of the

tlevelopment of a tooth teaches us the following

important facts : firstly, that teeth belong to the

.skin-structures, and are near relations of the haii-s

and nails ; secondly, that each tooth is formed fi-om

a little projection called a jxipilla, forme<l in a

groove, which ultimat«'ly Invomes divided into

follicles or sacs; thinlly, that the papilla, Wcoming
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hardened through the formation of limy matter,

forms the tooth, the central substance of the papUla

remaining soft and constituting the tooth-pulp ; and

fourthly, that when the tooth emerges from its sac

it is said to be "cut"—the follicle or sac forming

the familiar " socket " of the tooth.

Thus much for the development of a tooth and

what it teaches. The process just described refere to

the^rs^, "milk," or temporary set of teeth which man
and his neighbours are known to j^ossess. A second

or permanent set appears in due course ; the second

teeth being developed in little pockets, which ai-e

given off from the follicles or sacs of the first teeth.

In tlie bottom of each of these secondary sacs, a

new tooth gi'ows from a papilla, as in the previous

case, and as the second teeth grow they press like

rude neighboui-s upon the roots of their predecessoi's.

This pressure causes the decay or absorption of the

roots of the milk-teeth, which in the natural order of

things fall out, and are replaced by the second set.

Thus we learn something, through these latter facts,

about the succession of the teeth.

Most quadrupeds resemble man in that they

possess two sets of teeth ; but those whales which

possess teeth, the sloths, and some other quadrupeds,

have but one set. Nor must we neglect to remark,

in passing on, some rather interesting, not to say

strange, peculiaiities which mark the succession of

the teeth in some animals. Thvis the guinea-pigs

actually shed their milk or first teeth befoi'e they

are born. Still more curious is the case of the

whalebone whales. In their adult state these

animals have no teeth, but the teeth are actually

developed in the gums, and absorbed before birth.

So also with the upper front teeth of mminants,

or animals which, like sheep, oxen, &c., "chew the

cud." These front teeth are duly formed and

developed, but they do not cut the gum, and wholly

disaj)pear before the animals are born. " What,"

asks Mr. Darwin, in speaking of this subject,

"can be more curious than the presence of teeth

in foetal whales, which when gi-ovvn up have

not a tooth in their heads ; or the teeth which

never cut through the gums in the upper jaws of

unborn calves %
" The only explanation which has

been tendered of such anomalous and apparently

useless organs, has been to assume that they are

the results of " the law of inheritance," and exist as

the modified remnants of teeth which in the "remote

ancestors " of the whales and calves attained a large

and typical development. But this is a mere hypo-

thesis, and one which we need not discuss here.

Turning to consider man's teeth as to their

Fig. 3.—Te3tb of Tai-oius.

number, we find him to possess thirty-two teeth in

all : the sixteen teeth of the upper jaw presenting

a similar form and arrangement to those of the

lower jaw. Man's teeth form an unbroken series

in each jaw—a character almost peculiarly human,
since only one living

animal, a little lemur

(
Tarsius) hastheteeth

soarranged(Fig.3); an

extinct hoofed quad-

ruped, the Anoplothe-

rium, also sharing

this peculiarity. Man
jjossesses only ten

teeth in each jaw in

his milk set; and this

remark leads us to ask what becomes of the addi-

tional twelve teeth his permanent set contains ? To
answer this question, we may briefly glance at the

varieties of teeth found in the category of human
possessions (Figs. 1 and 2). Thus four front teeth

exist in each jaw. These are incisors, or nip-

pei-s. Next to those, one on each side, lie the

teeth so pointed and prominent in the dog, hence

named canines, or " dog-teeth." Then succeed

two teeth on each side, A\dth two cusps ot

points on each crown. These are the bicuspids, or

premolars. Lastly come the molars, "grinders,"

or back teeth, with broad crowns, and which exist

to the number of three on each side of each jaw.

We may denote the number of teeth in any

animal by a veiy simple aiTangement of letters and

figures, named a " dental formula." Thus we might

indicate man's permanent tooth -arrangement or
" dentition " by the following symbols, which are

by no means so formidable as at first glance they

may seem :

—

m. pm. c. i.
I

i. c. pm. m.

3 2 1 2 2 1 2 3 ^ 32

The figures above the horizontal line indicate the

teeth in the upper jaw ; the figures below the line

referring to the teeth of the under jaw. The
vertical line divides the jaws into two equal halves

— and this for the reason that we might require in

some animals to note the occurrence of teeth in one

half of the jaw that are absent in the other half.

To render the constiniction of a dental formula

clearer, we may select, as an additional example,

that of the sheep (Fig. 4). This animal wants upper

incisors and canine teeth, but possesses six lower

incisors and two lower canines ; the premolars and

molars each existing to the number of six in each
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m I>m. 1-. t. i c. pm. tn.

3 :i 3 3

^ 6 I S a I 3 3

jaw. The arrangement of teeth in the sheep might

\h' thus expres-sed :

—

= 32

Returning to the subject of man's dentition, we

6nd that from the twenty teeth he possesses as his

milk .set, the molars or grindera are excluded.

When these latter teeth api)ear tliey do so but once

in his lifetime, namely, in the permanent set, and

t'l,'. 4. —Skill! Lif Sheei', showing Dentition.

are therefore not preceded by milk teeth. The

dental formula for man's milk set therefore runs :

—

ni. pm. c. 1. 1. c. pm. nt.

2 1 •2 2 1 2

•.i 1
> )

1 2

Tiif. .).—Growth of
Tooth of Crocodile.

(n) Tivntli fullr d«^
velotw-.l : lb) Tix>th
ne«rl) ilevilopi-d to
«"'•' I ": rMrt-nnipf
Thir.) T.-.th wlilrh in
dueiitiH' will niirrced
and (ii4plare b.

= 20

^lan'.s teeth are by no means

numeroiLS when compared with the

numbers represented in some of

his nearest allies, as well as witli

those developed in many lower

forms of life. Some dolphins exist

in which over 200 teeth are de-

veloped ; whilst some armadillos

must certainly be regarded as being

well provided in the matter of

dentiil appai-atus in the possession

of ninety teeth. On the side of

limitation in numbers may be men-

tioned that curious dolphin-like

animal the narwhal, or ".sea-uni-

com"—of whosedental peculiarities

more anon—in which but two teeth

are found.

^V^len man loses any of his

second teeth, he knows tluit all

hope of replacement of the missing

meml^er by Nature is useless, and

lie lias therefore to submit hiin-

.self to the tender mercies of the

dentLst in order to supply the gaps in the necessary

furnishings of liis mouth. Infinitely superior, in

respect of the arrangements for the renewal of lost

teeth, are the faculties of many lower forms of life.

Fig. 6.—Jaws of Male (i) and Feouiie (b) Skate.

Think of the crocodiles (Fig. 5), which are so

lavishly provided for by Nature in the matter

of teeth that whilst one tooth is in use, not

one alone, but actually two, —new teeth may
be in process of formation below the stUl use-

ful member, the teeth succeeding each other

vertically in these animals. Or consider the

arrangement of the teeth in many members of the

class of fishes. Glance into the mouth of a pike or

perch, and you will speedily discover the teeth to

Fig. 7.—Jaws (a) of Siiark ; | bI Tooth of L'pper Jaw ;

(c( Tooth of Lower Jaw.

be so numerous that Nature has crowded them not

upon the jaws only, but upon tongue, palate, floor,

and sides of the mouth, and upon the gill-arches,

and back of the throat. Or look at the jaws of a
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slijirk (Fig. 7), or a skate (Fig. G), or ray, in which

.series after series of new teeth is develojied, one

behind the other, ready to be jiushed forward and

to occupy the place of the teeth at present in use.

An Australian shark (Cestracio7i), presents us with

a perfect pavement-like arrangement of teeth in its

jaws ; and in the I'ays, the teeth remind one of

nothing so much, in theii* profusion and regularity,

as the paving-stones in a street, or in some cases like

the arrangement of mosaic work. In these latter

cases set after set of teeth may be developed, in

striking contrast to the meagi-e provision made by

Nature in the matter of teeth in her highest flight

of development as represented in man's estate.

The chief remaining points in the history of the

teeth may be included under the heads tooth-

structure, and peculiarities in tooth-development.

When a tooth is cut in

two longwise, it is found

to be hollow in its in-

terior. This hollow in

the living tooth is occu-

pied by the delicate tooth-

jmlp (Fig. 8, A,^^), which

consists, among other

thmgs, of blood-vessels

and nerves, entering the

cavity of the tooth at

its roots. The tooth-pulp

represents the papilla,

upon and from which, as

we have already seen,

the tooth was at first

formed. The great bulk

of a tooth consists of

dentine or ivonj (Fig. 8,

<^/), which, resembling
F.p. 8. — Lonfritudiual (a) and , . .

,

transverse (b) Section of Molar DOUe in Outwarcl appear-
Tooth of Man. i./v. in

(c) Cement; (^m.ntino: (.) Enamel; ^^Ce, differs markedly
(P) puii^cavity.

therefrom in its essential

structure. A transverse microscopic section, or

thin slice of bone cut across, shows us that it con-

sists of rings of bony matter surrounding the

niiuute Haversian ca-nals (Fig. 9, b, a a) in which

the blood-vessels of the bone are contained. A
section of dentine or ivory (Fig. 9, A, h) similarly

examined, shows that this substance consists of

branching tubes which, in a living tooth, are filled

with delicate extensions of the tooth-pulp. The

eruimel forms the second of the three elements in a

tooth. This latter is the hardest substance of tlie

animal tissues, and forms a delicate investing crust

to the tooth as far as the root. The enamel Ls

thickest on the crown, where the tooth is most

subject to wear and tear. The cement (Fig. 9,

A, b, c) of a tooth exists on the roots, and is thickest

at the points of the fangs. This latter substance

most nearly, of all the substances found in a tooth,

resembles bone.

No better illustration of the importance of

correctly distinguishing between teeth and bone,

could be given, than the case of certain fossil birds,

which, in contradistinction to their livmg neighbours,

possess teeth-like " processes" on their jaws. Part of

the skull of such a biid was discovered in the

London Clay of Sheppey, the jaws being provided

Avith tooth-like stractures. Under the microscope,

however, the " teeth " of Odontopteryx—as the

Sheppey fossil was named—were seen to be com-

posed of bone, and to be therefore entirely different

in nature from true teeth. Later on, and indeed

quite recently, certain bird-remains, from the Cre-

taceous or Chalk Rocks of America, have been

found to exhibit tooth-like processes of the jaws like

Odontopteryx. When, however, the question of the

true nature of the teeth of these American birds

came to be raised, these latter structures were found

to be true teeth in every respect. Their stnicture

was that of true teeth, and they sprang, in one form

at any rate, from distinct sockets. Thus the exact

nature of a tooth as distinguished from bone is seen

X.550

Fig. 9.—Dentine and Bone.

(A) Verticil .'lection of Dentine ami Ci n\cnt frnni Incisor Tooth of 5tan: (i1

Dentine: Id, c)OHteran<l Innir Lnyer? ii£ Ci-nicnt : (ui Tiansvcrso Sicllou

of Bone from Uuiinrus of JIan ; («, «) Haversian Canals.

to be a highly important point in settling the status

and relationship not merely of living forms, but

of some of the more extraordinary relics of the life

which existed in the ajons of the j^ast.
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Some teeth, such as those of sloths and aruiii-

ilillos, have no enamel. In the molar teeth of the

•Ifphiints, on the contrary, we meet with a very

complicated sti-ucture. In these animals a molar

tooth exists as an elongated botly, corapcsed of

plates of dentine capped by enamel, and .separated

by ma.sse.s ot cement. The i)atterus a.ssumed by

the dentine and

enamel jjlates

exhibit varia-

tions in the

different species

of elephants.

Thus in the

African .species (Fig. 10) the teeth exhibit

lozenge-shaped spaces, whilst the molars of the

Indian .species (Fig. 11) show a simple trans-

Fib'. 10.—Molar Tooth of African Elephant.

Fip. 11.—Molar Tooih of Indian Elephant.

vei-se or cross-baired an-angement, also wit-

nessed in the teeth of the extinct mammoth.
In the elephants we note a good example of the

immense development of certain teeth—the upper

incisors—to form "tusks." Such " tusks " spring

from what are termed permaTunt pulps—that is,

the roots of the.se teeth do not, as in man and most

other animals, become sooner or later ab.sorbed, but

Pi.'. 12.—Skull of the Babyronssa Hop.
(Beferences aa in Ti^. 1, 2, 4.)

continue in a soft living condition, which pennits

of a continuous increase taking place. In the same
way, the incisor teeth of such animals as rats, mice,

rabbits, hares, squirrels, i)orcuj)ines, beavei-s, «kc.

69

(named collectively Jiwlentu), continue to grow

throughout life, and thus to provide for the con-

stiint wear and tear to which these teeth are

subjected in the sict of gnawing. But in these

animals we note another important and equally

interesting provision of Nature for preventing too

rapid wear of these prominent front teeth. The

front part of each incisor tooth in the ro<lent8 con-

sists of a thick layer of eruimel ; the hinder part of

the tooth being composed of the softer dentine, or

" ivory." It follows, therefore, from this airange-

ment of tooth-substance, that the ivory, or hinder

part of the tooth, will wear

taster than the enamel

front, and the constant use

of the tooth tends to keep

a chisel-like edge there-

upon, and thus provides

for its continual sharpness.

Some marked pecu-

liaiities of teeth result in

rodent animals, from dis-

use of the.se long incisors.

When the incisoi-s of one

iaw in a rabbit, or hare,

or other rotlent, are acci-

dentally broken, the oppo.s-

ing teeth of the lower jaw,

being left unworn for a

time, may gi'ow i-apidly,

and extend well-nigh into

a complete circle, ])revent-

ing the closure of the

mouth, and ultimately

killing the animal. And
an allied but natural state

of what we may call tooth-

deformity is found in the

Babyrous.sa Hogs of the

Eastern Archipelago,

where the upper canine

teeth grow upwards and

backwards so as to re-

semble hoiTis, the lower

canines also attaining a

large size (Fig. 12). The

longest tooth in the world

is that of the male narwhal

(Fig. 13), which develops one tooth—the natun* of

which is doubtful—to a length of ten or more feet

;

this great tooth ai)i)earing as an ivory pole of

twisted confonuation. Sometimes two such teeth

are developed, and occasionally the female narwhals

Fig. 13.-SkuU of the NarwhaL
(o; Thi- nov<lop<'<l Tdoih ; (t) ihc

I'mlvvclupvU oav.
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imitate their lords and mixsters iii tlie development

of a like formidable appendage.

Our space will not permit us to further descant

on the peculiarities of tooth-structiu'e. We may,

hoAvever, mention one remarkable instance of modi-

lied teeth found in a class of animals—in which

certain of the teeth are as a rule remarkably con-

striicted to form poison-fangs—namely, the serpents.

One little Afiican snake, named Rachiodon, appears

to subsist on eggs as its normal dietaiy. The

puzzle of ordinary snake-existence vnth such epicu-

rean tastes is obvious in the difficulty such an

animal would encounter of obtaining the full bene-

fit of its dainty fare. But Nature has overcome

this difficulty in a sufficiently remarkable way.

Certain processes of bony character project from

the front of the sjiine and protrude into the throat

;

these pi-ocesses being tipped with enamel. Although

these processes are skin-formations, they seem to

lie outside the category of ordinaiy teeth, from
their peculiar position. Their function, however,

is no less peculiar than their position. Tlie eggs

being swallowed whole, these throat-teeth duly frac-

ture them in the course of their descent to the

stomach, so that the snake in this way obtains the

full benefit of its food, and contrives to procure

the entire amount of its fragile diet.

The subject of the teeth and their modifications,

may be regarded as carrjdng its own lessons with
it. One consideration, however, may be said to

be plainly derivable from such a theme—namely,

that the teeth very typically and beautifully illus-

trate at once the marvellous adaptation of animal

forms to varied ways of life, and the wondrous
fertility of contrivance which is characteristic of

life at large.

HOW THE EIVER SEVERN CUT THROUGH WENLOCK EDGE.

By Charles Callaway, M.A., D.Sc. (Lond.), F.G.S.

WENLOCK EDGE is a lofty ridge of limestone

lunning to the south-west through the heart

of Shropshire. At Ironbridge, the river Severn cuts

right through it, leaving a steep rampart of rock

standing up on each side. How has this been done ?

Ai"e we to suppose that the river came rushing

down from Plinlimmon, swollen into unusual volume

by hea^y rains, and that it burst through the great

rock ban-ier as a cannon-ball breaks through a stone

wall ? Or shall we adopt a milder exjilanation, and

supi^ose that the Severn flowed down gently against

the ridge, and, by continual washing and wearing,

gradually Avorked its way through, as a mouse

nibbles through a cheese ?

To both of these explanations there is a very

strong objection. If the Severn had come down

from the Welsh mountains against Wenlock Edge,

it would at once have ceased to be a river. The

water, dammed back by the barrier, would have

spread out into a lake, and would have foimd an

outlet in another direction. In that case, the water

would probably have turned into the flat plane

north of the Wrekin, and flowed across England

to the Gemian Ocean. We are then obliged to

conclude that Wenlock Edge did not form a barrier

to the flow of the river.

Sir Roderick Mui'chison suggested a way out of

the difficultv. He contended that the mountain

barrier split asunder, and gave passage to the river.

In proof of this he points out that, just where the

river enters the gorge, the limestone is displaced by a
" fault," To this theory there are two objections.

First : the fault was simply "a plane of separation,"^

that is, a crack in the strata, witli the rock on each

side of the crack in actual contact. Second : the

river has not taken advantage of the split, which

is unopened to this day, but has cut through the

edge in a difierent dii-ection.

If, then, the river did not burst or eat its way
through the present barrier, and if the barrier did not

crack open for the passage of the waters, how can it be

said that the Severn has cut its way throughWenlock

Edge 1 I will here give a partial answer. The river

existed before the mountain, and not only cut the

gorge, but also helped to make the mountain. To
exjilain this, we must go back to the veiy ancient

times when neither the river nor the Edge existe.l.

In the epoch called the Silurian, the ocean rolled

where now the angler fishes for salmon in the

Severn, and where the Ironbridge labourer burns,

the limestone of Wenlock Edge. We are here

concerned only with a sub-diAision of the Silurian

epoch which takes its name from the very disti-ict

under consideration. It is called the Wenlock

period At the bottom of the Wenlock .sea, there

first accumulated thick beds of calcareous mud, on
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the surfiii'i' of whicli cniwK'd myriads of sti"ange

In-ings tli<! very types of wliich have long since

jKissi'il iiwiiy ; while the ancestors of the nautilus,

with shells iitraighteneU out like the horn of a

nniiorn, swam in the ocean al»ove, ami were mon-

archs of all they surveyed. After a time, the supply

of mud fell short, and the sea grew clearer. Tliis

allowed eond reefs to form. For ages, zoiJphytes,

the ancit'nt representatives of our 3Iadrt>pores and

star-conds, wen* busy sepaniting the carbonate of

lime dissolved in the ocean, and building it up into

their skeh'tons, which, by their accumulation, grew

into solid reefs. The zoophytes were aided Ijy the

stone-lilies. These were animals of exquisite beauty

and grace. A slender stem, comi)osed of flat rings

of solid carbonate of lime, was rooted to the bottoni

of the sea, and supported a caly.x or cup shaped like

the flower of the lily, and carved on the outer

.sui-face as by the gi-aver of a Cellini. Round the

npi)er edge of the calyx was attached a circle of

long jointed arms furnished with delicate fringes.

The entire framework of this lily-like creatine was

constructed of plates, rings, and joints of .solid stone;

and, when the soft parts of the animal decayed, its

imi)eiisliable skeleton heli)ed to form great beds of

.solid rock. (Vol. I, Fig. 1.)

Thus we have a thick dej>osit of calcareous mud,

the Wenlock Shale, overlaid by a band of more solid

material, the Wenlock Limestone. The diflerence

in the hardness of these two bands is the essential

]K)int to be remembei-ed. The limestone was after-

wards covei-ed in by strata, which we will call Post-

Wenlock.

The next stage in the process is the conversion

of the Wenlock sea-lxittom into dry land. This

was brought about by gradual upheaval. The
layei-s of rock comi>osing the earth's crust were

puckered into huge waves by a tremendous force

pushing .sideways. As the tops of the arches

approached the sea-level a new power came into

operation. Tliis was the action of the waves of the

ocean.

Tlie ojieration of this agency may be seen in many
parts of our coast-line at the ])resent day. Waves
beat at the ba.se of the cliff" like the ponderous

liainmei-s of Cyclopean giants. The waves act with

greater effect by means of the pelibles and sjind

which they drive before them. In this way cliffs

of the most solid nx-k ai(! undermined, and masses

al)ove, being luisupjMnted, fall down, and accunndate

at the ba.se. Then the restless waves commence
»ij)on the fallen heaps, da.shing them together, break-

ing them to pieces, reducing them to i»ebbles, and

grinding the pebbles up into sand and nmd. I/e-t of

all, cuiTents come and sweep away the; .sjind and mud

into the ocean, leaving the ba.se of the clitt'once more

bare. The waves again set to work, and undeiniine

a fresh portion of the precipice, and thegi-inding up

process is rejK>ate<l. In this way, the waves eat in

upon the land, like a gi"eat horizontiil saw working

nncea-singly at the s;ime level, and the cliffs n-treat

before them. Th<! waves have no more respect for

the most solid and stiitely cliff" than they had

for the chair of Canute. If there were no counter-

acting force at work, tbey would gradually eat

their way in ui>on the land until every atom of

rock above the level of the .sea was swept away,

and the ocean would be univei-sal.

Let us return to our arches of rock rising up to

the surface of the ocean. The waves set to work

iiI)on the ai)ex of each arch, and plane it off. As
the land rises higher and higher, more and nxore of

the arch is removed. The upheaving force and the

waves are ninning a i-ace. Upheaval is trying to

gain u]^x)n the waves, so as to lift the land up al)Ove

their reach ; and the waves are eager to swallow up

the land before upheaval can attain its object. We
will suppose that upheaval wins the race, and pro-

duces dry land. That land-suifjice will be level,

owing to the planing action of the waves during

the emergence. Fig. 1, taken from a.section exposed

in a quarry near Skipton, shows how the beds of

rock in the earth's crust are bent into waves, and

how the ocean has planed off" the arches to a level

sui-face.

During the emergence of a portion of the earth's

crust, the centre of the mass will evidently move

iqiwaids more rapidly than its circumference ; so

that the new land will be rather higher in the

centre. Such a newly-formed land-surface, which

slopes gently out towards the .sea, is called a " plain

of marine denudation." The flat plain of central

Ireland is an exanq)le.

Let us now revert from our general principle to

oiu' si>ecial ca.se. To prevent unnecessary conq)lica-

tion, we will confine our attention to our three

bands of rock, Wenlock shale, Wenlock limestone,

and Po.st-Wenlock beds ; and we will suppose that

all formations above and ])elow thes(^ gi-oups ar(^

non-existent. Our series has been uplifted into an

arch, planed off" by the waves, and convei-ted into a

jilain of marine denudation, with a gentle .slope

towards the south-east. Fig. 2 represents a part i-f

this land-suiface.

As soon iis the land emerges from the wav«'s. a

new set of agencies l>egin to work ujion it. Tlie
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principal of these lorces are frost, rain, and carbonic

acid. Rain-water falls upon the surface, and soaks

into it, ])enetrating even the more soUd rocks.

Frost sets in, and the water in the rock congeals.

But when the water freezes it expands, and splits

the rock. Each particle of water lying between two

particles of stone, by its expansion, acts as a little

wedge, forcing the rock particles asunder. In this

way. an exposed rock-surface, moistened fi-om time to

often dissolve the rock on each side to such an

extent as to enlarge the crack into a cavern.

We can now introduce the river Severn. Rain

falls upon the newly-emerged plane of marine denu-

dation. K the plane were a perfectly smooth sloping

surface, the rain would necessarily flow off in an

even sheet But bUliard-table sui-faces seldom occur

in nature. The varying hardness of the material

composing the plane will cause inequalities, even

Fig. 1.—Co^^OETED Limestoke at Draughtox, Near Skiptok.

time by i-ain, gradually softens and decays, or peels

off in flakes.

Frost having done its work, rain again resumes

operations. Every shower washes down some of

the decayed rock-surface, and the streams produced

by the rain cslttj the sand or mud down into the

river below.

The atmosphere contains a small quantity of

carbonie-acid gas, and the niin falling; down through

the ail-, dissolves a small portion of the gas, and

thus acquu*es its chemical properties. The only

property of carbonic acid which we need notice here

is its power of dissohnng limestone. A stream of

water passing thi-ough a crack in limestone will

before a drop of i-ain falls upon the surface. Tluis

showers, accumulating on the land, will iiui off to

the sea in some directions more readily than in

others. Rain, falling on the higher ground in the

centre of the emerging plane, flowed off towards

the south-east and fonned the Severn. The reader

will imagine the river to be mo^ing fi-om B to A in

Pig. 2.

But it is not to be supix)sed that a narrow, com-

pact, deep stream was formed all at once. The

pi-imeval Severn was probably a chain of irregular

sheets of water. In one place the water would

spread out into a lake ; ii\ another it would be

contracted into a broad, shallow stream. But this
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would not last long. The motion of the water

woultl wear away the surface over which it flowed.

As the land rose higher and higher, the speetl of

the stream increased, and its excavating power in-

creased in proportion. Thus, the ancient Severn

gradually cut out a channel for itself, and an

of soft material, such as clay, the slope will become

very gentle, and the valley will be broaxl ami open

;

but if the rock is hard the sides will Ije steeper.

We must now come back again to the Severn.

Our river, flowing down towards the south-east,

passes over the three distinct formations, soft Wen-

lock shale, haixl Wenlock

... limestone, and soft Post-Wen-
•-'•'' lock rock. It eats its way

down into all three indiscrimi-

nately. Its progress through

the limestone ia aided by the

_,.---•"' solvent tx»wer of cailx)nic acid,

and by the direction in which
,..--*' the band is lying. It will be

_,..--' noticed that the dip in towards

the south-ea.st. If it had been

towards the north-west, a very

difierent effect would have

been produced, and a water-

fall might have Ijeen fonned.

But that does not concern us

here.

Where the valley is exca-

Kg. 2.—A B is the Plane of Marine Denudation. The Dotted Lines indicate the original Extension vated in the shale, the slopes
ot the Beds forming one Side of an Arch. The Arrow shows the Direction of the Kivers Motion. , + i.u

•

1 ^
(a to t) Post-Wtnlock : (!< to c) Wenlock Limestone: (c to d) Wenlock Shale. tiOWn tO tlie riVer ai"e lOW and

irregular, meandering chain of pools became a

narrow, rapid river, confined within its own banks.

This river-action is to be carefully distinguished

from the action of the sea. The waves cut hori-

zontally, like a horizontal saw, producing a level

surface ; but a river cuts doA^-nwards, like a vertical

saw, causing inequalities in the surface.

But the primeval Severn was not a simple stream

of water. It was a main trunk receiving smaller

streams, called tributaries, and these tributaries,

like the main current, cut down into the crust, and

excavated channels. The excavating jKiwer of the

river and its feeders was aided,

ia the manner described, by frost,

ntin, and carbonic acid. If the ^
--

streams had acted alone, they

would have cut regular trenches

with vertical sides. These trench-

like valleys are called canons

(Vol. I., p. 208). In countries

where rain (oWh, the river - valleys assume an

altogether different shape. While the stream at

tlie lx)ttom is cutting down deeper and deeper,

frost and rain are wearing away the sides, so that

the vertical wall gradually retreats backwards into

a sloi>e. If the walls of the valley are composed

gentle; but as the Severn

approaches the limestone, the vaUey closes in, and
forms steep sides, due to the superior hardness of

the limestone band. Thus the river, which has

been winding through a plane, suddenly passes into

a narrow gorge. There has been no cataclasm, or

deluge, or fractui-e. The thing has been done by

Nature in her ordinary gentle mood, without hurry,

and without convulsion. Thus the river cut the

gorge. It also heli)ed to form the mountain.

We must go back again to the tributaries. Some
of these fell into the Severn in its course through

the Wenlock shale, others joined it after it liad

77777^ 77zr//.//,,'/':'m^^/r.

Fig. 3.—New Surface produced by Action of the River,

(a to 6) Post-WenJofk ; i> to f) Wenlock Ltmcgtone; (e to di Wenlock .'^baIe.

passe<l over the limestone. These tributaries

excavated the softer rock both above antl below

the harder band. As the main stream cut trant-

versely across the three zones, deepening its bed

through all three indiscriminately, the bnuiches,

assisted by frost, carbonic acid, and niin, were
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lioUowing out the shaie in lines parallel to the three

bands, leaving the limestone standing up as a ridge.

Thus tlie Severn also helped to form the mountain.

Fig. 3 shows the new surface produced by the

action of the river.

A B is the old plane of marine denudation repre-

sented in Fig. 2. c d is the present surface of the

country. The river has cut its way down from

A B to c D, having removed all that portion of the

Sand which is contained by the dotted lines. The
Severn flowing in the dii-ection of the ari'ow, passes

over the shale, enters the limestone gorge at F,

and emerges at E. Thus the liver Severn cuts

throu":h Wenlock Edge.

Thus, also, the Avon at Bristol, the Shannon at

Limerick, the Hudson of New York, have cut

channels through opposing ridges. Thus, the Med-
way, the Mole, and the Wey breach the North

Downs ; and the Anin, the Adur, and the Ouse

carve valleys out of the South Downs ; and such

is the iisual manner in which rivers cut through

mountain ranges.

MOLES AND MOLE-HILLS
By Euwakd R. Alstox, F.L.S., F.G.S., etc.

"" Well said, old Mole ! Canst work in the earth so fast ?

A worthy pioneer !

"

—

KamUt.

A MOLE-HILL is such a familiar and common-
place object, that most j)eople would hardly

think it Avorthy of a second thought, unless, indeed,

it marred the symmetry of some close-shaven lawn,

in which case the mole-catcher would probably be

•called in to destroy the hapless cousti-uctor of the

•oflFending hillock. The naturalist, how^ever, views it

with veiy different eyes, seeing in it the handiwork

•ofone of the most interesting of our native mammals,

•one whose habits and structure have long been the

•objects of careful study, and yet one whose economy

ihas been widely misunderstool and misrepresented.

Many quadrupeds, as every one knows, are

"in the habit of constructing burrows in the „/^,

•earth, but the vast majority of them—such

:as foxes, i-abbits, and prairie dogs—use their

holes merely as retreats from dangei*, as

sleeping-places, as nui-series for their young,

•or as storehouses in which to garner up

|)rovisions against winter. A very small

minority, however, spend the greater part of

their lives in tunnels and passages which

they excavate beneath the surface, where

they seek their food, carry on their coui-t-

ships, and rear their young in utter darkness

;

-and to these truly subteiTanean quadrupeds our

attention will at present be confined. jSIost of

them ai-e rodents, or gnawing animals, which feed

•on the roots of plants; but the most tyj^ical and

highly sj)ecialised are the insectivorous mammals
which form the family of Moles, or in scientific

language, the Talp'uke. These little animals feed

almost entii-ely on earth-worms and on the burrow-

ing grubs of various insects, and they are as I'e-

markable for their voracious appetites as for their

strong passions of love and hatred, and theii' untir-

ing energy and vivacity. Consequently, it is neces-

sary that they should be able to move through the

earth with much greater ease and i-apidity than

suffices the sluggish vegetarian rodents, and accoi'd-

ingly their structiu-e is wonderfully modified to give

them the requisite powers. Let us inspect the

machine before we con.sider the work which it pro-

duces.

With the external charactei"s of the mole most

people are familiar, thanks to the mole-catcher's

habit of hanging the coi'pses of his victims on trees

Fig. 1.—Hole, Feeding. (From a Sketch from 'Salure.)

and bushes. Its almost cylindrical bod}', its long,

pointed snout (which is strengthened by a small

bone), and its broad out^turned fore-paws, are

evidently admirably fitted to enable it to force its

way quickly through the most tenacious earth,

while the smallness of its eyes and external ears,

and the velvety closeness of its fur, serve to protect

it from the annoyance which loose sandy soil might

otherwise cause it. But to undeistand fidly how
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the mole can do its work, we must exiimine the

lx)ues of its fuie-Iiinbs and sliouKlers. These are of

the sluij)e shown in tlie tigiire. The slioiiUler-bhule

(the scapuUt, Fig. 2, a) is long and narrow, hut

strong, while the collar-bone (clavicle, b), is a thick

disc, the shape of which hiis l)een well compared to

Fii'.J.- Bones of a Mole's Shoulder and Fore-limb.
(Afler De BlainvilU.)

that of a fish's vei-tebra ; it is only connected with

the shoulder-blade by ligaments, but (at c) it

articulates with the greatly-produced front part of

the bi*east-bone (the presternum). The upper arm-

bone or humerus (d) is extremely short and stout,

and is so covered with great ridges for the attach-

ment of muscles that it appeai-s to be quite deformed;

besides the ordinary joint with the shoulder-blade

it has a sepai-ate articulation with the collar-bone,

an arrangement which adds enormously to the

power of its lateral stroke iii digging. The fore-ai-m

bones {radius and idna, e, f) ai-e also short and

strong, and the latter has a gieatly-developed elbow-

process or olea-anon (g). The hand is expanded

into a broad, ix>wei-ful spade, the breadth of the

j>alm being increased by a special additional lx)ne

(the radial sesamoid, or 08 fidciforme, h), "which

runs along its curved inner edge. Imagine this

framework clothed with muscles of corresponding

power, and armed with short strong claws, and you
have a digging-machine most excellently adapted to

enable the animal to pursue its subten-anean prey

with ea.se and rapidity. How it is use<l may be

seen by any one who can contrive to catch a liv(!

mole, and to place it uninjured on the ground.

Imme(liat<-ly it plunges its shai-j) snout into the

earth, two or three powerful side-strokes of the

fore-i)aws suffice to bury most of its body, the hind-

feet give a comical kick in the air, and tlie whole

creature disappeai-s from view with a rapidity wliich

is absolutely startling.

The small heaps of loose .soil wliich we term mole-

hills do not mark the residence or home of the

animal, being merely comi)0.sed of the material

which it excavates in the formation of its temi)orary

passages in pui-suit of its prey. Its true liome, oi-

•• fortress," as it has Ix-en termed, is placed at some-

distance from its u.sual hunting-ground.s, with whicU

it communicates by one or more i)ennanent jHissage^t-

or " high roads," and consists of a sj)herical chamber^

usually alxmt five or six inches in diameter. In

almast every book on natural history will be founJ

plans, elevations, and descriptions of a mole'.s

fortress, representing it as being constructed on a
beautifully symmetrical design. In the.se books the

central chamber (Fig. 3, a) communicates by three

ascending pa.ssages with a circular corridor at a.

somewhat higher level {h), which in turn has five

equi-distant de-scending tunnels leading to a lower

concentric circular gallery of a wider i-adius (c),

from which the outer roads or passages diverge,

while an additional dipping shaft [d) leads from the

bottom of the chamber and ojjcns into the principal

avenue. Nothing can be more beautiful, but

unfortunately we find on investigation that the

whole stoiy has been copied, along with the illuii-

Figr. 3.—Conventional Plan and Elevation of a Mole's " Fortress,"
as g'iveu in Books.

trations, by one writer from another, without any
one having taken the trouble to verify it. It api>eai-s.

to have originated with Le Court, a French gentle-

man who retired to the country during the trouble.'?,

of the fii-st Revolution, and devoted the rest of hi*

life to the studj' of the mole. His observations,

many of them valuable, but .some of them certainly

erroneous, were published by De Vaux, and by tlie

elder Geoffroy St. Hilaire, and subsequent zoologists-

ajjpear to have accepted all his statements without

any test of their accuracy. Whether Le Cotirt

figured the h.ibitation of .some mole of genius—.some

talpine Euclid or Vauban—or whether (as appears.
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to us more likely) his national love of symmetry

and beauty led him to improve on Nature, there

is no doubt that ordinary moles content themselves

with much simpler dwellings. Those which we have

had an opportunity of examining have consisted of

a large hillock, perhaps three feet in diameter, and

about half as high, overgrown with herbage and

sheltered among stones, fences, or roots of trees.

The nest, or chamber, is placed near the middle of

the hUlock, just below the level of the surrounding

groimd, and has various passages branching irregu-

larly from it. These are usually connected with

one another at no gi'eat distance from the chamber

by cross-runs which, sometimes, but not always,

assume a moi'e or less circular form ; but we have

never seen anything approaching to the regular

system of concentric cii'cles shown in the con-

ventional plans. We are indebted for the sketch of

the section of a mole's fortress from which the

Fig. 4.—Section of a Mole's "Fortress." {From a Sketch from Nature.)

accompanying figure is drawn to the coiui/esy of

Ml'. F. Norgate, who has paid much attention to

these animals, and has lately published some in-

teresting notes on their habits.*

The "high roads," or avenues, to which we
have already alluded as forming the communication

between the citadel and the hunting-grounds, are

permanent ways, the walls and floors of which are

beaten hard by the constant passage of the animal.

From the high road diverge the " alleys " or tem-

porary tunnels which the mole forms in pursuit of

its prey, and it is over these that our well-known

" mole-hills " are usually made. In forming its

permanent passages the mole seems to avoid throw-

ing up hillocks, working slowly, and getting rid of

the soil by compressing and beating it down rather

than by bringing it above ground. But when
engaged in the chase the animal comes to the sur-

face every now and then and throws out the super-

fluous earth; and the same is the case in the formation

* " Transactions of the Norfolk and Norwich Naturalist's

Society," 1878.

of the superficial runs which the male makes ia

spring in pursuit of the female.

"We have already said that earth-worms and the

grubs or larvae of certain insects constitute the

principal food of the mole, and the quantity of

these which each individual destroys must be enor-

mous. Blasius states that a mole will consume

its own weight of food daily, and from observa-

tions on one kept lq confinement we are convinced

that this is no exaggeration. But the animal by

no means confines itself to its usual bill of fare

;

often, especially in warm nights in summer, it

ventures out of its burrows and comes on the

surface in pursuit of snails and slugs. If a mole

meets with a snake or a frog on one of these excur-

sions it attacks it with the gi-eatest fury, and

drags the struggling reptile down into its den, to

be devoured at its leisure. Like most insectivorous

animals, it always attacks from behind, and its

favourite morsel appears to be the entrails of

its victim. The captive mole alluded to above

killed and devoured several frogs, which he

always first seized by the hind legs ; and Blasius

has witnessed similar attacks in a state of

nature. Toads are rejected, but mice or shrews

are at once seized, and other moles when slain

in battle are promptly devoured by the con-

queror. With this fierce and voracious appetite

the mole is singularly incapable of supporting

hunger—twelve hours' deprivation of food is

said to be fatal. It may be conceived, there-

fore, that it has to work hard for its living, and

this is especially the case in winter, when its prey

is driven to a greater depth than usual by the

cold, and it is obliged to form new runs in pursuit

Its labours at this season may often be traced by

the fresh mole-hills thrown up through the frozen

earth and snow.

During the greater part of the year, the mole

lives a strictly .solitary life, confining itself mostly

to its own fortress and hunting-grounds, and fiercely

resisting any invasion by its neighbours, although

portions of the same " high roads " may be used

by several individuals. Early in spring, however,

the male begins to seek the company of the fair

sex, and often engages in deadly single combat

with a rival suitor. The female brings forth four

or five young ones (rarely six, or even seven), for

which she prepares a special nest, usually at some

distance from the citadel. There appears to be but

one brood in the year, although young moles are

to be found at vai-ious times, from April till Mid-

summer.
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Although it Ls now wt-ll known tliat our com-

mon mole litis keen, though very minute, eyes, yet

the older naturalists had something to "o on when

they described it as blind, for the mole of Southerji

Euroi)e—the only one known
to the chissic writei-s—has its

eyes covere<l by a continuous

though very thin and semi-

transparent skin. In general

apjjearance this blind mole*

very much resembles our

native sjwcies, and its habits

<are described lus similai*. Its

runs antl alleys are said, how-

ever, to be shallower, and it Ls

stated by some writers not to

make any mole-hills. Several

other species of Talp'uUe are

known from the more noilhern

pai-ts of Asia, and a few allied

forms are natives of North

America, but no time moles

are natives of South America,

India, or Africa. In the south

of the latter continent their

phice is occupied by the so-

called "golden moles," which

ditier considerably in their

fsti-ucture, and con-stitute a distinct family—the

Chrysoch/oridce. They resemble the true moles in

their general form, but have almost rudimentary

tails, and their fur has a curiously brilliant

metallic lustre^ whence they derive their name.

In the structm-e of their fore-

limbs they differ much from

the Talpidce ; their shoulder-

blades and collar - bones are

formed more on the usual model,

but theii' fore-paws are very

peculiar. One of the small

l)ones of the wrist (the pisi-

forme) is developed into a

long shaft, which runs up to

the elbow and seems at first

sight to be a third fore-aim

bone (Fig. 5, a), while of the

four digits the two middle ones

(ii. III) are develope<l to an

uiai.sual size, especially the third

finger, which is armed with an ononuous d<'fi)lv-

dcft claw. Such a fore-foot is evidently a

jKiwerful digger, and accordingly the golden moles

• TLe Tatpa caca of Siivi.

70

appear to be almost a-s adept excavators as tluir

sable cousins.

Turning to the great order of Rodents, or gnaw-

ing animals, we find a few forms which are of

..^^'^

/ 1^^

lU

Fig-. 5.—Bones of tlie

Fore-puw of the Golden
Mole. (AjUe 0\ren.)

Fife'. C—TLe Mole-Kat (Si-.M

strictly subteiTanean habits. But as these are not

carnivorous, it is not neces.sary that they should

possess the rapidity of underground movement

es.sential to the mole ; and, in consequence, we find

no such extraordinary modifications of the bones of

the fore-limbs as we have considered above. Their

bodies, however, are always more or less cylindrical

;

their eyes and external ears very small, or even

rudimentary ; their limbs short but powerful ; and

their fore-claws strongly develojied. One of the

most t\^)ical genera is composed of the mole-rats, the

best-kiiown species of which {S'jMhuv (ijphlus, Fig. G)

is common in Eastern Europe. In this aniuial,

as in the Italian mole, the eyes are not only ex-

tremely minute, but are covered by the skin. Like

the moles, it forms long branching galleries, of which

those used in feeding run close under the surface,

so as to intersect the roots of the plants which grow

above. The.se roots are severed by the uiole-iat's

great incisor teeth, and the more succulent kinds

are devoured, while the fibrous parts of othei-s ai'O

carried off to form its nest, which is placed at a

gi-eater de])th, for safety. Unlike many other

rodents, it neither hiljcrnates nor lays up a stoi-e

of winter footl ; at that .season it seeks ilecper-
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rooted plants on wliicli it can feed below the

stratum of frozen earth, oi', in default of such,

it forms superficial runs under the protection of

the snow. Belonging to the same family as the

mole-i-at are several other genera, all of which ap-

pear to have very similar habits, although some

are less exclusively subterranean than others. The

coast-rat of South Africa {Bathyergns maritimiis) is

called zand-moll, or " sand-mole," by the Dutch

Boers, and presents a curious analogy to the golden

moles of the same country in the prismatic reflec-

tions which adorn its fur in a live state. It inhabits

the sandy plains near the coast, where it forms great

systems of branching galleries, diverging from a

central point. These are often very dangerous to

travellers, the gi-ound being so undei-mined that it

often gives way luider a hoi'se's feet, and causes

it to fall heavily with its rider. The coast-

rats are also most destructive beasts when they

invade cultivated ground, in which case the Boeis

are in the habit of destroying them by means of

a spring-gun, trained so as to enfilade a run, and

dischai'ged by a cord connecting the trigger with

a tu7nij>, or some other similar bait. Another

North African genus {lleteroceplialus) is peculiar

in having the entire body almost totally naked,

only a few scattered and very minute hairs being

present.

In North America we find subterranean rodents

belonging to quite a distinct family (the Geomijkhe),

and known as gophei's, pouched-rats, or salamanders.

Their most striking peculiarity, which they share

with a few terrestrial allies, is the possession of

cheek-pouches, which open on the lower side of the

jaw, outside of the lips, and which have no connec-

tion with the cavity of the mouth. These are used

by the gophers to convey their food to their dwellings,

and also, as some writers assert, in removing the

refuse soil from their burrows; but the latter state-

ment seems to require confirmation. The species

most recently observed has been the Floi-ida gopher

[Geonvjs tuza)* Avhicli abounds in the "barrens" and

cultivated grounds of Georgia, Florida, and Alabama.

Its " runs " form subterranean labyrinths, the posi-

tion of which is indicated by the large heaps of sandy

soil which it throws up at intervals of three or four

feet, and so rapidly are they excavated, that Pi o-

fessor Brown-Goode has seen thirty such hUlocks

thrown up on the line of a tunnel in the coui"se of a

* The hest account of the habits of these curious animals

is from the i>en of Professor Brown-Goode, iiublisheil by Dr.

Elliott C'oues, in tlie report of the United. States Survey of the

Colorado Kiver.

single night. Side-passages from the main corridoi-s

lead to large chambei-s, some of which are lined with
grass and leaves, and used as nests, while othei-s serve

as store-rooms, in which supplies of food are amassed.

The gophers are particularly fond of sweet-potatoes,

and nothing delights them more than to gain access

to one of the thatched heaps in which agi-iculturists

are in the habit of .stoi-ing these esculents. "The
salamanders ai-e cunning enough not to throw up

sand-heaps in the vicinity of these potato-heaps,

but remove the loose earth into their old tunnels.

"When they once get access to the ' tater-hake,' they

quickly remove its contents, and the owner wakes-

up some morning to find his cacJ,e a hollow pre-

tence." By keeping gophei's in confinement. Pro-

fessor Brown-Goode was enabled to observe their

method of burrowing, which appeai-s to be very

similar to that of the mole. They grub the earth

with their noses, and shovel it away with their

strongly-clawed fore feet, scratching at the same

time with their hind feet so vigorously that the

soil is cast several inches behind them. Roots or

twigs are soon disposed of by their large and tren-

chant incisors. When a certain amount of loose

earth has accumulated, the animal tunis round^

joins his fore-paws before its nose, " transmutes

himself into a sort of wheelbarrow," and pushes

the soil before him till he reaches the nearest heap,

where it is thrown up on to the surface. Tliey

appear to be dull and stupid beasts, but are ex-

tremely pugnacious, the males engaging in single

combat with wonderful ferocity.

South America presents iis with another remai-lc-

able form of burrowing rodent, belonging to a totally

distinct family from either the mole-rats or the

gophers. This is the genus Ctenomys, one of the

Octodotitidce. Several species have been described,

the best-knoA\ai beiug the Tucotuco (C. hrazUiensu),

the habits of which have been carefully observed

by the greatest of modern zoologists. Mr. Darwin

found the animal extremely abundant near Maldo-

nado, in the Argentine Republic. A stranger to

that country is often gi-eatly astonished and puzzled

at hearing a strange sound, apparently produced

quite close to him, without there being any cover

at hand to conceal the producer. The somid is a

short grunt, repeated four times in rapid succession,

and in constant musical time, and is imitated by the

syllables tu-co-tu-co. It is the voice of a small rat-

like rodent, uttered in its burrow, possiblyjnst below

your horse's feet. The Tucotucos prefer dry and

sandy soils in general, though they are sometimes

foinid on the borders of lakes, and feed on various
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roots, in seaifh of whkli they make lla-ii- f.\ tensive Such are the i)riiK'ii>al i\\)cs of niainuials wliidi

l)UiTo\v.s cIom; liencatli the Kiuface of the earth. lead a truly suhtcnanean life. Tho.se which live in

They throw up small liillock.s, le.ss than an ordi- hurrows, hut come hahitually to the surface in search

nary mole-hill, anil are .ssiid to stoix' up supplies like of food, are not h'.s.s intei-esting ; but present too

the gopheiv, whose habits we have already noted. large a subject for our present consideration.

THE MARINER'S COMPASS.
]'>Y Wll.I.IAM I)l ItllAM, I'.Ii.S.E.

fl"^IlE early knowledge of elementary .scientific

I facts, ami tlie slow pi-ogi-e-ss of their investi-

gation and piivcticid a])plication to the wants of

civili.sed life, are well illustrated in the history of

the connMus-s.

The ancient (J reeks and Romans were quite aware

•of the atti-.icting power of native iron magnets, or

loadstones, and also that this power couM be com-

uiunicated to iron, and retained by it for a length of

time. No one amongst them, liowever, had ever

noticetl the Ijehaviour of an elongated bar of magnet-

ised iron suspended by a cord or floated in water,

and to this ©vei"sight must Ix; attributed the lateness

of the discovery of " terrestrial magnetism," and the

long period tliat elapsed before the compass was

used by Europeans as a guide over the trackless

I)aths of ocean.

That remarkable j)eople, the Chinese, seem, how-

ever, at a very early date, to have used the directive

power of the comiia-ss to guide them in their journeys

•over the vast plains of Tartary. They made little

images, whose arm, moved by a fieely s»isj)ended

magnet, i>ointed continually towards the south. An
apparatus of this kind, called yife;ia/i, or "indicator

•of the .south," was j)i-e.sented to amba-ssadoi-s from

Oo'jhin China, to guide them in their homeward
journey, 1 , 100 yeai-s l)efore our em. The knowledge

the Chinese thus i>o.s.ses.sed seems to have gi-adually

tmvelled westward by means of the Arabs and

Cru.saders, but it was fully 2,000 yeai-s afterwards

before it was fairly applied among the nations of

Western Euiojie.

Since then, owing to its practiciil value and .scien-

tific interest, ten-estrial magnetism lias formed one

of the most attiactive and, at the; same time, most

ditlicult subjects of scientific investigation, and

promises to le.ad to results of the highest impori-

ance in our knowledge of tht; arrangements of

Nature.

The immense stimulus wlii<h the aiiplieatiou of

the compass g;ive to navigation, and conse(pieiitlv

to intercoui-se between distant lands, may be appre-

ciated when we i-ememljer that, before that, sailoi"s,

having only the positions of the sun and st;ii-s to

guide thom, were completely liewildered wh<;n these

were hid by clouds or .storms, and consequently were

afraid to venture on the open S9a away from the

sight of land.

In a seafaring nation like our own, the "mariner's

compass" Ls an object familiar to almost ev<!ry on<>,

and may be very briefly descril)ed.

A magnetic needle is attached to the undei"side

of a circular card of some .semi-tiansparent substance,

such as talc. On this card is engraved a i-adiating

diagram, dividing the circle into thirty-two parts,

called points. The needle, with the card attached, is

delicately balanced on a centnil pivot, round Avhicli

it is free to move in a horizontal j)lane. The posi-

tion of the card, of course, indicates the position of

the needle below.

The needle and its sujtport are inclosed in a

small metallic box, which is Imng so as to jnvserve

its horizontal position notwitlistanding the rolling

or pitching of the ship. This is accomplished by

means of (jiinhah, which are two metidlic rings one

within the other ; the compa.s.s-bo.\ is swung on

the inner ring by two small supports diametricjdly

opposite, and the inner ring is, in its turn, sup-

ported on the outer one -

in a similar manner,

but the j)oints of sup-

port are at right angles

to tlio.se of the box, as

.shown in Fig. 1, where "'p I ^^S^^"" I fl B

A A are the supiK)rts

of the compass, and n ii

tliose of the inner ring.

The whole is fixed in A
the top of a strong case, ^'•^- i^-Tbe Mmruetic lUcOlo an.l

called the blnmirfe,

firmly secured to the deck of the ship. The bin

iiaele has a i)aue of gla:;s in front by whirh light
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may be udmitted at night to illumiuate the interior.

The whole is shown in Fig. 2, k being the glass in

front.

In the jiractical use of the compass it is necessary

that we should know and guard against certain

disturbing influences on its direction, lest the very

Fig. 2.—Compass in the Binnacle.

means the unwary sailor takes to insure his safety

may lead to his shipwreck and death. One or two

experiments mil make these plain.

(1) If another suspended magnetic needle is

brought near the compass, we shall find that the

ends of the two needles which point northward

will repel one another, while the end of the one

needle which points south will attract the end of

the other which points north.

(2) If any piece of iron or steel is brought near

either end of the compass-needle, the latter will

be attracted out of its proper du*ection. This we

know to be due to what is called the inductive

power of the magnet acting on the iron, and en-

dowing it with temporary magnetic power, when

mutual attraction is set up.

These actions between magnets and iron are

exactly analogous to those between electrified

bodies, as described in this work (Vol. I., p. 45).

(•3) If any piece of hard iron or steel is allowed

to remain in contact with a magnet for some time,

it will acquire the properties of a permanent magnet,

and be capable of attracting or repelling the poles of

the compass-needle as described above.

These three experiments point out at once the

manner in which the earth acts on the direction of

the comj^ass, and the source of those disturbing

influences to which we have referred. As the com-

pass-needle always s-nings roxmd to its north and

south dii'ection when it is free to move, it is

eyident that the northern part of the earth

possesses the propei-ties of the south-pointing pole

of the needle, as it attracts the north pole, and also

that the southern part of the earth possesses the

properties of the north pole of the needle : that it is,

in fact, just a large magnet with the poles turuetl

in opposite directions to those of the compass, or, to

use a common expression, "turned end for end."

The earth, therefore, is capable of inducing tem-

porary or permanent magnetism on iron or steel, as

described in experiments (2) and (3).

As many of our ships are entirely built of iron,

and all of them contain more or less of that metal

in their structure, it becomes a question of great

importance to know how to avoid the danger of any

magnetism, temporary or jDermanent, induced by
the earth's action, so distm'bing the direction of the

compass as to mislead the navigator.

The inductive action of the compass-needle it-

self can be pretty well guarded against by having

it small and placed at such a distance from any

ironwork that its eSect may be practically of

no moment.

The earth's action, however, cannot be so easily

disposed of, and various methods are adopted for

correcting the compass so as to know the true

direction due to the earth's magnetism acting:

directly on the needle. To correct for any perma-

nent magnetism, the ship is brought into such a

position that the needle poLuts to the true magnetic

north and south, or is in the magnetic meridian of

the place of observation ; the ship is then tui'ned

gradually round on its centre as a pivot, turning,

say, from north to west ; if there be any permanent

magnetism in its iron the compass Avill be moved
gradually away from its position towards the one

side or other of the meridian. As the vessel

gradually turns towards the south, the needle also

will gi-adually regain its fii-st position ; again, as the

vessel continues turning towards the east, the needle

will deviate in the opjwsite dii-ection to its former

movement, again returning to the magnetic meridian

as the ship returns to its fii-st position. The arc

which the end of the needle thus describes to the

one and the other side of the magnetic meridian is

a measure of the magnetism of the ship, which can,

therefore, be allowed for when observations are

made at sea. The coiTection for temporarily induced

magnetism is a much more diflicult problem, as

that is continually changing in amount and direc-

tion, according to the relative position of the ship,

its cargo (which may be composed of magnetic

material), and the magnetic lines of force of the

earth. The principle employed, however, may be

explained as follows. The variation of the com-

pass caused by the influence of the vessel and its

cargo having been determined in the manner just
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describt'll, tin- foiiii»as.s is taktii uii sliorc, and placed

upon a woo<Umi pillar capabk- of being turned round

in a honzontal plane in the same manner as the

ship
;
pieces of iron are inserted in this pillar in

such a way that their effect on the compass, when

the pillar is turned round on its axis, is exactly the

same as that produced by the ship, «fec. The pillar,

and the conipass on it, are now both transferred to

the ship, and if the latter is now turned round as

before, it is evident the eflect on the comjjass will

be doubled. To know, therefore, the amount of

con-ection requisite at any time, it is only necessary

to note the position of the compass, and then remove

tlie iron from the pillar, when, of coui-se, the needle

will go back towards its proper direction. The

amount it goes back just requires to be doubled to

give its true i)Osition. Thus, if it goes back 2°,

its true position is 4" from that obsei'ved l>efore the

iron of the pillar was removed.

Having pointed out the precautions necessary to

be taken in the use of the compass as a giiide, we
now come to the consideration of " terrestrial

magnetism," on a correct knowledge of which the

value of that instrument mainly depend.s. If the

earth were a i-egular magnet, like a symmetrical bar

of magnetised steel, the compass would everywhere

be directed due north and south ; the magnetic

and geographical meridians would coincide, and

there would be no decUnatiott (Vol. II., p. 3).

It was early discovered, however, that no such

simple ari-angement obtained, but that the compass

almost everywhere deviated more or less from the

true north and south directions. In this countiy

it points about 23 " west of the true north. The
discovery of the fact was at firet hailed as of

immense importance to navigation; it was imagined

the longitude of a ship at sea might be determined

by the declimition of the compa.ss alone. It is said

that Sebastuin Cabot boastetl on his death-ljed of

having this knowledge through "special divine

manifestation." The idea of the early navigators

can l)e readily understood. In 1492 Columbus dis-

covered in the Azores a j)osition of no declination^

or where the compa.ss pointed due north and south,

and it was imagined that the declination increased

in a rogidai- manner from this position. Suppose
the compa.ss deviated one degi-ee for each 100 miles

east or we.st from this jtoint, then the mariner

could easily tell how many hundretl miles he was
distant from the point by noting the number of

degrees the compa.ss had deviated.

As observations on declination were multiplied,

however, the hoi)e of the early na\igatoi-s Wius

dissipated, for it was found that the jihenomenon

wius exceedingly irregular ; and if the points of equal

declination were joined by lines, after the manner

of geographical meridians, as laid down in map.s,

these lines were of an exceedingly irregular and

wavy form, so that the declination of the compass

at any particular spot could oidy be known by

actual observation, and until the whole surface of

the world had l)een mapped out the declination of

thi' needle could not be used as an exact indicator

of the longitude.

In 1576 Robert Norman directed attention to

the dipping-needle as a means of investigating the

distribution of the earth's magnetism. This instru-

ment measures, not the deviation of the needle from
the true north and south line, but the inclination or

angle which its deviation makes vnth the horizontal

line, when it is free to move in a vertical plane

(Vol. II., p. 3).

This method may be understood if we obsei've the

behaviour of such a needle when placed in various

positions over a large bar-magnet. When at the

centre it will have no dip, but be quite horizontal

;

but as it is carried towards either pole it will incline

more and moi'e, until it becomes ^ertical at the poles

themselves. Fig. 3 will illustrate this. The middle

Fig. 3.—niustrating Direction of the Dipping-Needle.

l>oint, where the needle is horizontal, may be termed

the magnetic equator.

Investigating the earth's magnetism in this way,

it was found that the inclination generally increased

from the equator to the poles, and sanguine hopes

were entertained that the latitude might be deter-

mined by its means : just as similar hopes hatl l)een

entertiined regarding the determination of longitude

by means of the declination ; but the same cause

dis3ipat<*d the hope in both directions—^viz., the ex-

treme irregularity of the distribution of the earth's

magnetism. The lin<'s forming the points of equal

inclination were found to be jis irregular as in the

ctise of declination, and the niiignetic equator was
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not a large regular circle coinciding Avith the geo-

grai)hica], but passed round the globe, sometimes north

and sometimes south of the latter, and cutting it in

two, or perhaps four, places, but not coincidiug with

it to any extent. Locally, however, tlie inclination

may be, and has actually been, used by vessels in

darkness or mist to determine whether they were

north or south of a port they wished to enter.

By the aid of the dipping-needle, howevei*, the

positions of the north and south magnetic poles or

lioints, where its direction is vertical, have been

determinetl. The north magnetic pole is found to

Tje in latitude 75" 5', and longitude 96" 46' west,

and the south pole in latitude 75", and longitude

138" east. They are not, therefore, diametrically

opposite, and no straight line can be drawn between

them and referred to as a masfuetic axis analoffous

to the geographical axis of the earth.

The two methods of investigation just described

depend on the direction of the needle ; a third

method, however, due mainly to the illustrious

traveller Humboldt, remains to be mentioned. This

has reference, not to the direction, but to the intensiti/

of the magnetic force at different parts of the earth's

:surface. If we cause a magnetic needle to oscillate

Ijackwards and forwards near a large magnet, we
.shall find these oscillations to increase in rapidity

as the needle approaches the magnet or as the

•strength of the magnetism increases; and we know
that the force incx'eases in proportion to the square

of the number of oscillations in a given time. Thus,

if at one place of the earth's surface the number of

oscillations is ten, and at another seven in the

.same time, we know that the force at the one place

is to the force at tlie other as one hundred is to

forty-nine, or as two is to one, nearly.

The results obtained by investigating the distribu-

tion of terrestrial magnetism by this method agree

with those obtained by observing the declination

and inclination, for while the intensity generally

increases from the equator to the poles, the increase

shows the same irregularity as observed in the other

phenomena. •

The study of these various phenomena is greatly

comiilicated by the fact that none of them is con-

stant ; they are all subject to incessant change,

mostly of a regular periodic character : that is to say,

the needle does not always exhibit the same declina-

tion or inclination, nor does the intensity of the

magnetic force always remain the same at the same

l)lace. These changes are ceaseless and complicated,

and their study is attended with gi-eat difficulty ; but

•as ;he result of many careful observations, it ai)pears

that some of them depend on the time of day, some
on the season of the year, «kc., while others of a

sudden and in-egular character, when the needle is

simultaneously affected over thousands of miles of

the earth's surface, aj^pear to coincide with the out-

bui"st of spots upon the sun's svn-face. In the northern

hemisphere the north pole of the needle commences

to move westward about 8 a.m., and continues to do

so till about 2 p.m., when it turns suddenly, and

moves back again towards its starting-point, which

it reaches about midnight. During the night it

repeats the movement, although on a smaller scale.

So regular is the movement, that between the trojiics

the hour of the day may be known from the position

of the compass-needle. Recently another movement,

of an analogous nature, but which takes twenty-six

days to complete, has been recognised ; this time is

just about the same as the sun takes to go round its

axis. Another jieriodic movement seems to coincide

in time with the eleven-years period of maximum
and minimum sun-spots.

Besides these whose periods have been recognised,

there is a slow secular change, which has been going

on for nearly 300 years, but whose cycle is not yet

complete. Thus, in 1657 the compass-needle pointed

due north and south at London ; since then it has

gradually turned westward, and in 1800 it pointed

24" 36' W., and it is now as gradually returning

to the east again. The following table exhibits the

character of the change, which is of the same

nature as those of the shorter periods.

Change of Declixatiox at Londox.

Year. Docliuation. Year. Declinition.

1.J80 11° 17' E. 1760 19° 30' W.
1G22 6 12 1774 22 30
1634 4 > 1790 23 39
16.37 1800 24 36
1666 34 W. 1806 24 8

1672 2 30 1815 24 7

1700 9 40 1820 24 11

1720 13 1831 24

1740 16 10

The cause of terrestrial magnetism is not yet,

satisfactorily explained. It is evident that we
cannot consider the earth as a body regularly mag-

netised, but rather as made up of an indefinite num-

ber of small magnets, the general result of whose

action is directed north and south. Until lately,

it was supposed that only iron, nickel, and cobalt

were capable of exhibiting magnetic jihenomena, and

the magnetism of the earth was attributed to large

masses of these existing in the interior of the globe
;

and, no doubt, there are lai'ge mountain masses



THE MARINER'S COMPASS. 17"*

cajKilile of ac-tiiij; i>owerfi!lly on the nmj,metic net'dlf.

The restsirclies, liowever, of Fanulay, Wel>er, an<l

Tyiulall havf •stablislieil tin' fiu-t tliat all sulistjinccs

art' cjipaMe of In-ing iviuleretl inagiu-tir, ami the

]ihenoDifna exhiltiteil seem to tlpi>eiul moi-e on the

physical state, as rejpinls pressin-e, A'c., than on the

chemical nature of the substance. We may, there-

fore, supjKiM- either that, owing to pressui-e, ic, the

whole l»o«ly of the earth is rentlere<l magnetic i>er-

mnnently, or that it is rendei-etl temi»orarily so l)y

the inductive action of some body external to itself.

Tliere i.s one great difficulty in the way of such ex-

planations, liowever, in the fact that all traces of

magnetism dis«ippear from all substances at a high

temj)ei"ature. Thus, iron at a bright red heat ceases

to give the least indication of its presence. As the

interior of the earth must be at a very high tem-

peratui-e, it is difficult to understand how it could

become magnetic, unless the gi-eat pressure motlifies

the action oi heat on magnetism to a large extent.

Many theories have been Jidvancetl to account

for the variations in the magnetic elements of

declination, inclination, and intensity which we
have noticetl, but none are satisfactory and com-

plete. It Ls very evident, however, that in this, as

well as in many other of the grander ])henomena

of Nature, we must not confine our attention to the

earth itself, but must consider the action of external

bodies, and es{>ecially that of the great centre of

the solar sy.stem. The coincidence in time of many
of the varLitions with solar j)benoraena iiresistibly

leads us to attribute to its action much of what we
observe, and we shall point out one or two ways in

which that action may be exercised. Fii*st, we
may supjxxse the sun itself to be a magnet acting

inductively on the earth, and of coui-se his varying

condition, dist^mce, and relative position, would

produce con-esj)onding changes in the earth's mag-

netism. To this explanation there are, however,

gi"eat objections. From the fact we have mentioned

—of a high temperature destroying the jwwer of

magnetism— it seems almost imix).s.sible to conceive

that such a body as the sun cj\n be magnetic ; and,

l»esides, it has l>een i)rove<l, from a mathematical

investigation of the subject by Messrs. ChamWrs
and Stoney, that the variations obser\"ed in the

e-arth's magnetism cannot be accounted for by the

magnetism of the sun or moon, supposing these

Ixxlies to Ix- magnetic.

It would seem, therefore, that the sun cannot

act in this direct manner. It may act, however,

iiulirectly by means of the heat which it radiates

towanls the eailh's surface. If we take a rinir

compose<l of two metids—say iron ami copi)er—

-

joinetl at two points, and heat one of the

junctions while the other Ls kept cool, we .shall

tind that a curi-ent of electricity will circidate

round the ring. Now we know that a cuiT»'nt of

electricity ])assing in this way acts exactly like a

magnet (Vol I., p. 47). It is supjMJsed that the

sun acts in this way on the earth as it revolves,

causing curi-ents of electricity to lii-culate on its

surface, pro<lucing magnetic action. These currents

have been proved by observation really to exist,

but on measuiing them accurately they are also

found totally inadequate to explain the phenomena
observed.

One of Faraday's most brilliant discoveries

—

that oxygen gas, which compo.ses about a fifth of

our atmosphere, was really capable of being i-en-

dered magnetic, like iron—was eagerly seized ujion

as a possible caii.se of magnetic variation. He
found that the amount of magnetism induced ii}X)n

oxygen depends on its density; that, again, depends

on its tempei-ature, as it expands when heated, and

becomes, of course, less dense. It was conjectured

that, being expanded by the sun's heat, its lessened

magnetic inductive power would react on terrestrial

magnetism, and produce the variations observed in

the latter. This ingenious explanation cannot l)e

considered as more satisfactory thaii tho.se already

mentioned, as many of the phenomena to be ac-

connted for do not occur at the tin>e nor to the

extent we should expect if the explaiuition were

complete.

Recently, Professor Balfour Stewart has suggested

another jwssible mode of the sun's indii'ect action.

We know that if any body is moved across mag-

netic lines of force (Vol. II., p. 3), electricity is

developed ; and he says that the sun's heac causes

convection-currents in the tipper regions of the

atmosj)here, and these cuircnts, cutting through

the lines of force of the eai-th's magnetism, de\elop

electricity, which reacts on the earth and produces

the variations of the magnetic elements.

Tliere is no doubt the sun's heat may, and jn-o-

bably doe.s, affect the condition of the earth's

magnetism in the indirect ways Nve have noticed
;

but no one of them, nor all of them together, seem

to offer a .sjitlsfactoiy solution of this very complex

prol>lem. They offer no explanation of that slow

secidar movement "we have refeired to as having

been observed since l.")80, and whose cycle is not

yet completed. Tliere is also a difficulty in the way

of all heat theories in the fact that there is well-

marked variation in the earth's magnetism, due to



176 SCIENCE FOR ALL.

the moon's influence ; and as the heat from that

satellite is quite inappreciable, it seems impossible

that the explanation sought can be found in that

agent.

It must be admitted that our knowledge of

" terrestrial magnetism " is confined entirely to

the observations made in various parts of the earth,

and these are by no means complete. We have

not as yet mapped out the distribution of the

earth's magnetism over its whole surface, but only

at isolated stations. We can but hazard a pro-

bable conjecture as to the cause of the magnetism

itself; but as to its variations, we must confess

that all our theories fall short of a comjjlete

explanation.

Tlie study of the mysterious movements of the

compass-needle has thus led us over a Avide field of

inquiry ; it has shown us that the earth is indeed

magnetic, but presenting the phenomena of an

indefinite collection of small magnets irregularly

distributed rather than those of a regular large

magnet ; it has shown us also that the magnetism

is subject to incessant wave-like movements, some

of them taking hundreds of years to complete and

others only a few hours. We are obliged to confess

our inability to unravel all the mysteries disclosed

to us, but we are urged by the attractiveness of the

inquiry to pursue our investigation. We feel

assured that the sun is in some way connected by

a magnetic bond to this little world of ours, as

every movement he makes or outburst that takes

place on his surface is instantly registered by the

tiny needle. Possibly, there may be some hitherto

unrecognised form of solar energy yet to be dis-

covered by the student of science ; but whetlier this

be so or not, the close connection, if not absolute

identity of electricity and magnetism, the probability

of light being a magnetic phenomenon, and various

other matters, render the inquiry full of promise.

Owing to its practical value in navigation, many
Governments have lent their aid in investigating

this subject, and numerous observatories have been

established all over the world, where thousands of

observations are made every year by competent

workers ; and it cannot be long before Nature will

yield uji her secret, as she always does, to persistent

and well-dii-ected efibrt, and then another field will

have been wrested from the region of the unknown,

and added to the ever increasing domain of physical

science.

SPIDERS' WEBS.
By Ahtiivk G. Butler, F.L.S. , F.Z.S., etc., British Museum.

MOST persons have often seen the geometric

web of our commonest genus of spiders,

and in all probability the majority of them have

regarded it with disgust, neither knowing nor

caring to know how it was constructed, but de-

sjiising it as the work of a creature which is almost

universally looked upon with feelings of loathing, and

forgetting that nothing which exists is too mean for

study if it be the workmanship of a perfect Creator.

Moreover, in the present age of inquiry it does

not suffice for any thoughtful person to be contented

to know merely that this thing or that exists as a

manifestation of the operation of natural laws ; he

must also ask himself how the result which he sees

has been arrived at, by clear reasoning and patient

investigation expanding his mind, and thus render-

ing him a better and more intelligent companion to

his fellow-men.

Let us suppose, then, that our readers are un-

conscious of any fact in relation to the spider except-

ing that it makes a web ; they are, nevertheless,

anxious to learn, not slow to observe natural phe-

nomena, and j^atient in unravelling all mysteries

which obscure their mental vision. To these I

ofier the results of some years' study of the various

spiders common to our gardens, beginning with the

commonest and best-known species (Upeira dia-

demata), the constructor of the familiar geometric

web.

The first thing that puzzles the observer as he

strolls round his garden is the fact that the direction

of the webs indicates, to a great extent, from what

quarter the wind is blowing, and whether there be

much or little of it : this he is at first inclined to

attribute to a natural instinct on the part of the

spider ; but he is at a loss to understand why only

the greater number of the spiders in his garden, and

not all of them, seem to have inherited this natural

gift. In order to determine the point, he must begin

at the beginning, and watch tiie construction of the

snares from the first thread spun : otherwise, he will

remain in ionorance.
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Generally.sj)p;ik in?, K/ifir(ttli(Uj[eui(tfii(F\'^. 1) spins

ker wel) in the early morning, soniewliere hetween six

anil eii,'ht oVloek ; t)ur student therefore, if he rises

at six some tine autunuial morning, will have ample

oppoi-tnuities of watching its modus operandi. At
tii-st he sees it running over the twigs ami leaves in

a vague manner, until, as it reaches some projecting

Ivetting the clear sunlight fall upon his second

spider, the observer notices that immediately after

her descent from the twig or projecting leaf, there is

a movement of the (>osterior legs towards the sj)in-

narets.aml then, to his surprise, he discenis a quicklj*

expanding fan of multitudijious delicate silken

threads floating outwards from the spider's body :

Fip. 1.—Epeira Diademata.

point, it suddenly drops over the edge and hangs

suspended in midair; likely enough, soon after

this, the student will see a rapid movement of the

spider's anterior legs, and then, to his horror, will

perceive it nishing up a line towards the brim of his

hat. Here is another puzzle : he has entirely failed to

see how the line became attached or where it came

from. Unless lie solves this problem the first diffi-

culty will not be cleared up ; therefore, let him

l)egin aj.'ain, and this time stan<l out of the way of

the .spider's silk and his own light.

71

the action is .so rapid that one can scarcely believe

the silk to be drawn out of the spinnei-s ; it apjiears

to be forcibly expelled by muscular action.* The

whole of these threads are extremely glutinous, and

adhere to the first object with which they come in

contact ; their direction is, of course, decided by the

lightest breath of wind : consecpnntly, if the wind

• The Kev. O. V. (.'ambriilge. to whose article in the ninth

e<lition of the " Encyclop.x'diii IJritiinnicft "
I am imii'litoil for

several important facts, informs me that muscles for this

puqiose do exist.
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lie from the south, the centre of the silken fan will

be (lii-ected in a southeily course from the spider's

boily.

Directly that one of the fine silken lines adheres

to any object, the Epeira turns and pulls upon it

with her anterior legs to test its strength ; and if

satisfied, she immediately runs across and thickens

it, sometimes rolling up the unattached threads upon

the way, but frequently cutting them loose and allow-

ing them to float away as a sjiort for the winds.

This, as it seems to me, will account to some extent

for the existence of " gossamer," " fils de la Vierge,"

or " fliegender sommer," which has been the theme

of many a learned memoir and the cause for many
a superstitious fancy.

" As scrre wondi-en som on cause of thonder.

On ebbe and floud, on gossomer, and on mist,

And on all thing, til that the cause is wist."

—

Chancer.

It is thus, then, as I can testify from oft-repeated

observations, that the spider, when necessary, forms

an upper or foundation line for its snare; if a lower

foundation be required, it is carried from the point

of attachment of the first, along which the spider

runs with it to the opposite extremity ; thence

(still holding it clear with one of her hind legs) she

descends to some distance, and there fixes it, thus

inclosing a large triangular area ; the remaining

boundary lines are formed by dropping from one

point to another, the thread being fixed here and

there at intervals xmtil the circumference of the web
is completely inclosed. The direction of the web,

therefore, is determined by the wind, not by the will

of the spider, since the jiosition of all the circum-

ferential lines is decided by the course wdiich the

foundation line takes. Before, however, leaving this

part of the subject, we must discover why on one

morning many of the webs are placed above the

garden waW, and on another morning all are beloAV

it. The reason for this is obvious : if the wind is

violent, the spider takes advantage of the protec-

tion afforded by the wall ; if there be no wind to

float lier fan of sHk, she seeks the highest point to

court the passing zephyr.

But to resume the thread of our web. No sooner

is the frame for the snare completed than a diagonal

line is spun across it : sometimes by a simple drop

from one side to the other ; but when (as sometimes

happens) the foundation is oblique, by carrying the

line round from one side to the other, there winding

it in, and fixing it. This being accomplished, the

spider proceeds to about the middle of the thread

it has just spun, fixes a second, and carries it to the

circumference; runs with it for a short distance

along the boundaiy line, fixes it, returns up the

latter to the centre ; fixes a third, and so on, each

time travelling to and fro upon the line last spun,

until the whole area is filled with a series of neai-ly

equidistant silken radii.

The next labour is to convert the rays into silken

ladders ; this is effected by the spider beginning near

the centre with a linewhich is carried in a spii-al form,

producing a series of continuous concentric cii'cles,

and fixed with a minute drop of gluten to each of

the rays. This line is not carried to the boundaiy,

but at some distance from the centre a second is

commenced, formed of extremely viscid silk, upon

which the gummy secretion is distinctly \dsible, with

the aid of a lens, in the form of closely-approximated

globules of amber-coloured glue. It is said that

when the viscid lines are completed the sjiider cuts

away the unadhesive lines ; but this I have never

observed, and I have watched spiders for months

together, petting, feeding, and trying experiments

with them every morning.

The centre of the web is attached by several very

strong threads to some leaf or twig near by, which

is bound together by a canopy of silk, and forms the

den of the spider. Here she sits, with her anterior

legs upon the threads, alive to every movement of

her snare, not judging by the sight of her eight

eyes, but by the sense of touch.

" The spider's touch, how exquisitely fine !

Feels at each thread, and lives along the line."

—

Pope.

Thus, then, we have seen how the common Epeira

spreads her net ; but there are other spiders, nearly

as abundant, whose webs are entirely different in

construction ; indeed, Latreille clas.sified the Ara-

neidea by the form of their webs as follows :

—

Orbitelrii'ice.—Web a circle, or a portion of one,

with lines radiating from a centre.

IiPtite.ht.ri(P.—Where a thin sheet. of web is sus-

pended among the branches of shrubs or in angles

of buildings, and held up and down by lines in all

directions al)Ove and below.

Tiihitfilar'ta'.—Where the snare is a silken tube,

inserted in crevices, fissures, and casual holes, and

with an open mouth, more or less guarded or

armed with insidious lines.

Territelaricp.-—When a tube is sjMin in a hole

formed by the spider itself, and closed sometimes by

a close-fitting, cork-like, or occasionally scale-like or

wafer lid, at times left open, but not unfrequently

closed by the falling over of a poi'tion of the tube

which protrudes from the suiface of the ground,
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Next to tlie \v«'l> i)f tin* <»eoiuetric sfiiiU-r, wliicli,

ot' course, Ix-lougs to tin* Orbittlari(f, that of Aytf^ina

/ahi/rhtt/iioi, om- of the Tuhitdarur, will Ikj most

fitiiiiliar as a j^artlea euiiasity. This sjiiiler usually

spins its sii;ire in rm.'keiies, but on on*- occiusion I

found it constiucU-il anion;^ the

leaves of a lauivstinus. The web,

when fresh, is by no nie^ms unorna-

niental : the main l)oily of it consist-

ing of a Jilightly con«ive she«;t oi

ilensely woven Hocculeiit silk, the

surface of which is very sticky,

beinij, juobably (as in the adhesive

web of Ainu II robins), spun from the

fourth pair of spinners, and carded

or teased by means of the calaniis-

trum (Fig. '!), or double series of

curved bristles, along a portion of

the upjHjr surface of the metatarsi of

the fourth pair of legs, so that, from

its miiuitely divided and elastic

tibres, it becomes adhesive.

The ix)sterior portion of the web

, ,

*''"• -• consists of a cylindrical tube, in
CuUuuistruin (cj ....
oi Amaurobiws. which the spidcr sits, with its back

to the entrance and its pcsterior legs extended, so

that (by means of the sen.se of touch) it may obtain

intelligence of the capture of a victim.

Although one of the most .savage of all si)iders

in its atticks even upon bees, or spiders of other

species which may chance to fall into its clutches, I

have several times been astonished to tind that two

examples, ditTering somewhat in size, occupied the

same web ; and that when, watching my oppor-

tmiity, I have knocked one spider out of the canopy

for closer examination, a second has rushed out

and seized the insect which I have used as a bait.

The Rev. O. P. Cambridge has, however, kindly

informed me that this is a species in wdiich the

sexes dwell together in concord, not showing any

tendency to devour one another ; as Ls unhappily

the case with many other spidei"s.

The sjjeetl with which A. labyrlnthica seizes its

prey and drags it down into its den is genemlly so

gi-eat that it is inij^jssible to detect anything Ijeyond

a black shadow, which cros.ses the web and is gone

like a dash. In order to get a closer view of the

sjiider, one nni.st either dash it out of the web or

drop in as a bait a sturdy caterpillar of the " looper"

tr\\)i:{Gi'ony'l rites): the be.st, p<'rliaps, is the leathery-

skinned Jiiatoti hirUtria, a great black-looking larva,

common \i\hju the trunks of lime-tifcs durini; the

summer months. The moment this caterpillar U-giiis

to move upon the web the spider is up and u|)on

it ; but this Ki)ecies is not only very tough, but dis-

tastefid to in.strt ])ei"s«*cutoni, .so that aift-r one or

two atUuks, in which the spider is usually dragged

along insteail of the victim, the latter is permitted

to inarch oti' unscathed. If the larva of Abraxas

yrungulariata be substituted, the spider succeetls in

Iwaring it oH', but so<jn Ijecomes aware of its aciid

|)rojR*rtie.s, and diops it in di.sgust ; so that the nt-xt

minute the caterpillar may be seen ttking gi-eat

strides up the tubular den and over the canopy,

whilst the disap|>ointed tyrant makes no .second

attempt to capture it

It was [)robably A. hibifrinthicn which inspired

the jHjn of John Bunyan, the immortal allegorist,

when he wrote

—

" My dun, or hole, for that 'tis bottomless.

Doth of damnation shew the lastingness,"*

—

the tube being opened at l>oth ends, and the

spider having her face toward the lower opening :

so that if poked out with a stick from above, she

vanishes with all sjjeed, and takes refuge in the

nearest crevice until her pursuer has abandoned the

chase, and then quietly returns to her snare.

It would be imagined that Epeira, from the ease

with which she traverses her own viscid network,

would easily escape from the toils of Ayeleiui ; this

is, however, not the case : she moves upon it with

much difficulty, and the approach of the enemy is so

sudden and sjivage that, e\en when greatly su|)erior

in size and disi)0.sed to show tight, she in\ariably

becomes the prey of her as.s<iilant.

I was once witness to an interesting stratiigem

practised by one K^mra u|)on another, and which,

from certain ]>oints of similarity in the mode of

attack to that of the Tnbilelarin- , may be noticed

here. I ob.servetl a large spider, apparently weak

from wiuit of food and unable to construct a web,

wandering over the leaves of an Aucuba shrub;

inmiediately below it was a good-sized web, in the

centre of which was its owner, a spider even larger

than the wamlerer above it. As the object of my
pity reachetl the extremity of the leaf which hung

just over the middle of the web, .she suddenly

dropiK-'d into it, inunediately behind its unlucky

owner, and before the latter could turn to resent

the intrusion, had seized her tirniiy. There was a

desperate struggle, but to no purpo.se, as the attack-

ing sjiider had the advantage, and never for one

moment relaxed her hold until the other had cea.sed

to move.

* "The ^>imicr auil the .Si.iiKr,'" in " Divine Knilili-ni.s."
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Another web, somewhat similar iii character to

that of Agelena, is found commonly in the crevices

of old garden walls fi-om which the moi-tar has

fallen out; the architect in this case is Anuturohius

similis* of Blackwall. Instead of the silken canopy

of Ayelena, Ave here have an irregular adliesive net-

work of silk upon the surface of the wall round the

entrance to the den. The latter consists of a silken

tube, which lines the hole or crevice, and which, con-

sequently, is usually horizontal instead of pei'pen-

dicular or oblique. As soon as any insect settles

upon the sticky web surrounding the den, the fine

elastic fibres of which it is composed adhere to its

legs and wings, and the first struggle to escape

bi'ings the spider from her lair, into which she

speedily drags her prey.

It must not be imagined that all spiders construct

snares for the capture of their victims, for this is by

no means the case. The little hunting s^jiders (Sal-

ticus), common upon walls and fences, dejiend upon

their agility for their sustenance : running up and

down, jumping over obstacles, and with the four

\Teat bulls'-eyes along the front of the cephalo-thorax

always on the look-out for some unwary fly upon

which they may spring. At first it was a puzzle to

me how Salt icus managed to spring upon the side

of a wall without falling to the gi"Ound, but I soon

discovered that she always carried a silken line

with her throughout her wanderings, fixing it to

the wall before each jump, t

Some of the Thomisides, again, obtain their prey

by sitting j^erfectly still in the centres of flowers or

on twigs, their bodies being so coloured as to

resemble the calices or buds amongst which they

are found.

The spinning-glands of spidei'S are, according

to Carl Gegenbauer, | forms of skin - glands

which lie in the abdomen, and open by

several pairs of pajiillse placed behind the anus

(spinnarets), producing a secretion which hardens

into a "chitinous" filament when exposed to

the air, and thus forms the thi-ead of the spider's

web (Fig. 3). The spinners are moved by
special muscles, similar to those of the legs

;

they consist of from one to three joints, and

vary greatly in size and structure, as well as

in number; generally they are separate, but in

* I am indebted to the Rev. O. P. Cambridge for the name
of the si)ecies.

t This explanation, however, fails to show how a flea accom-
plishes the same feat. Probably, in her case, the form of the
jumping legs gives a curvature to her leap, thus bringing her
back to the wall.

X " Elements of Comparative Anatomy," p. 250.

Spinnaiets of Ejitira.

4.—Spider's Claw.

Tetrablemma (Cambr.) they are inclosed in a kind

of corneous sheath.

The legs of spiders are specially modified to

enable them to tra-

verse their webs.

Each tarsus ends

with either two or

three more or less

curved or bent

claws, commonly

(though not al-

ways) pectinated

or finely toothed

(Fig. 4) ; in some

groups with other opposed serrated claws : the

latter are also used as hooks, to give tension

to the lines of their

webs by alternately

pressing and strain-

iiTg upon them ; and

lastly, as already

stated, the calamis-

trum, or series of

curved bristles on the

fourth pair of legs in

certain species, is used in the construction of the

flocculent silk used for ensnaring their prey.

Various efforts have been made from time to

tiuie to utilise spiders' silk in the manufacture of

silken fabrics ; but the difficulty of rearing spiders

together, owing to their cannibal jjropensities, has

hitherto proved an insurmountable barrier to the

satisfactoiy accomplishment of this object. The

possibility of making it into articles of apparel was

demonstrated more than a hundred and fifty years

ago, when silk obtained by Le Bon, of Languedoc,

from spiders was woven into gloves and stock-

ings. §

If anything is ever done in the way of iitilising

the silk of spiders, it will probably be obtained from

the large exotic species of the genus Nephila, the

silk of which is, in fact, used by ladies of the

Bermudas for sewing purposes,] | and by the natives

of the Island of Rodriguez in place of waxed-ends.

The species of Nephila construct large geometric

webs of great strength, in which (as I am infonned)

small birds are not imfrequently entangled, and

which form no inconsiderable hindrance to tra-

vellers through a tropical forest, inasmuch as these

spiders are said to build their webs close together

§ For an interesting account relating to Spiders and Spiders'

Silk, see Charles Dickens's Household Words, vol. ii., p. 65.

II
Zoologist, 1858, p. 5922.
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in loiiiinunities, sometime amounting to hundreds

of individuals. Wlu-tlRT or not this last stiiti-nn-nt

be correct, one thing is ceiluin : namely, tiiat the

individuals of the various sj^cies are extremely

abundant, and are often the only spiders sent

home in a collection of spirit sjK'ciuiens.

If the preceding observations on the spiiler's web

are iusullicieut to dissuade the reader from look-

ing with horror and contempt iij)on these mai'^-ellous

architects, let hiui at leiist remember that, though

he may consider tiiem as unworthy of liLs regard,

history has ascribed to their agency the victories of

liruce, the preservation of Mahomet and of Du
Moulin; and let liim know that the man who

cannot stoop to the study of that which is small will

never be able to comprehend that wltich Ls great.

GLACIERS.
By PuoFEssou Bakuett, F.R.S.E., M.R.I. A., etc.

IN a preceding pajK^r * we traced tlie life-history

of the Geyser; in the present we propose to

follow, in like manner, the life of a Glacier, from its

birth on the mountain-top to its gi-ave in the valley

below.

As every one knows, a glacier is a vast river of

ice moving slowly down the momitain side, fed by

the snow-fields above, and wasted by the warmth

of the valley or sea at its lower extremity.

A region of perpetual snow is not, however, the

only agent necessary for the production of a glacier

;

heat is equally essential, for snow is the result of the

congelation of aqueous vapour, raised from the sea

or ground by the action of the sun. The invisible

vajKjur of water is always present, in gi'eater or less

quiuitities, in the air around us. When the tem-

I>erature falls low enough, this vapour is deposited

as dew, mist, rain, hoar-frost, or snow. It is only

necessaiy to till a metal can with a freezing mixture

of snow and salt to cause a copious precipitation of

the vapour present in the room upon the sides of

the vessel, where it sj)eedily becomes frozen into a

thick covering of hoar-frost. In a similar manner

the cold air of the mountain-top congeals the

moisture contained in the wijids that drift iicross

its side, and thus its summit becomes clothed with

a mantle of snow. In winter, the lowest point of

the snow is found in the valleys ; in summer it

retreats higher up the mountain, but a certain well-

marked bounihiry exists on e\cry high mountjiiu

range, above which the snow remains inimelted all

the year round. Tliis is the so-called isnoic-line,

where the gain of snow on the one hand, and the

loss by melting on the other, are equally balanced.

Above this line the gain e.vceeds the los.s, and the

resiiluum of unmelted snow is atlded to the yearly

fall. It must not be sujJiMjsed that no melting of

• " Science for .Ul," VoL I., p. 225.

the snow occurs above the snow-line ; this Ls by no

means the case ; only the melting that occui-s is

insufficient to liquefy the whole of the annual fall.

A brief digression here becoi:ics neces.sary, as

the question of the snow-line is one of consider-

able importance in coiuiection with glaciei"S. It is

commonly supposed that those places where the

average temperature of the year is at or below

the freezing-point will have a j)erennial covering of

snow ; but this is not so. There are, for example,

regions in Siberia and North America where the

average temjjerature is far below the freezing-

point, and yet where the ground is not always

co\ered with snow. This is to be accounted for

either by the great intensity of the summer heat or

by the extreme drj-ness of the air. It is, in fact,

the temperature of the summer months that deter-

mines the plane of pei-petual snow. It will, there-

fore, be obvious that the snow-line must descend as

we i)ass from the equator to the pole ; but in no

inhabited region of the northern hemisphere does

the snow-line descend to the level of the seji.

In the Himalaya Mountains the snow-line attains

an altitude of 1G,UU0 feet ; in the Alps some

9,000 feet ; in Norway it varies from 5,000 to

3,000 feet, according to the latitude. In Great

Britain the snow-line would be reached at an eleva-

tion of about 4,000 to 5,000 feet ; but no British

mountain attains this height. The influence of the

dryness of the air on the level of the snow-line is

consiucuou.sly .seen in the ca.se of the Himalayius,

the snow being upwards of 3,000 feet higlier on

the north side than on the south, or wanner, aspect.

This is doubtless due, in large measure, to the ex-

treme dryness of the plains of Til)et. So in Nor-

way, although the avei-age yearly temi>ei"aturo is

higher on the coast than in the interior, the snow-

line is nearly a thousand feet lower in the former
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case. Iiiasmueh, therefore, as a glacier is fed by

c'he snow-tields, it Avill be obvious that extreme cold,

if accompanied by extreme dryness of the air, will

be unfavourable to its formation. Thus it is that

Siberia is destitute, it is affirmed, of all glaciers.

The physical aspect of the counti-y is also of some

importance, for, obviously, isolated peaks would not

allow the accumulation of sufficient snow to form a

glacier.

As, above the snow-line, additional snow is

yeai'ly added to what remains on the gi'ound, the

tendency of elevated mountains is to rise higher

and higher, and we may imagine this action con-

tinued for centuries, until at last all the water of

our rivers, lakes, and seas would, by solar heat,

have been distilled on to the mountain-tops, and

converted into colossal peaks of snow. There

would be, however, a limit to this action, for the

ui>])er regions of the atmosphei'e are devoid of

moisture, so that snow could not be deposited above

a certain altitude. In fact, were our mountains

much higlier than they are, there would be a

supeiior, as well as an inferior, snow-line. The

rapid growth of mountains that would follow a

continued deposition of snow may be estimated

from the fact that if three feet of snow were

aiuiually deposited above the snow-line (not an

exaggerated estimate), this would make 1,879 yards,

or upwai'ds of a mile, added to the height of the

mountain during the Christian era, if the yearly

fall were unremoved. As we all know, however,

our mountains have not this portentous growth.

The heat of the sun, avalanches, and, to a slight

extent, evaporation, come into play ; but the yearly

fall is chiefly removed by the conversion of the

snow into the glacier, diSerent though they be in

appearance. Ultimately, by its liquefaction in the

valleys, the glacier i-estores to the ocean the water

which may have been raised from its surface

centuries before.

Hence, by the slow and continuous motion of the

glaciers the vast reservoir's of snow on the moun-

tain side harmlessly escape, and thus are prevented

periodic cataclysms, which would otherwise ravage

the now peaceful valleys. The avalanche, the mes-

senger of death, gives place to the glacier, the

messenger of Hfe : for, literally, the glacier is such

to the dwellers in these mountain, valleys. Out of

the wild ice wastes issue streams, most abundant in

summer when most needed, which not only irrigate

the \alleys, but clothe the Ijaii'en rocks Avith a

ilejio.sit of fruitful loam; for the glacier ploughs the

mountain side, pulverising its surface, and thus

bringing to the valleys a soil rich in food for plants.

The fertile plains of the Khine Valley can be dis-

tinctly traced to the " dust of ancient glaciers."

The collecting ground of the glacier is to be found

in the u])per valleys of the mountains choked with

masses of accimiulated snow. Of a very difl'erent

character is this snow from the delicate crystals

which originally fell. Pressed by the superincumbent

weight, its surface melted by the sun, and the water

formed trickling tlu-ough its mass to freeze in the

colder interior, the formerly loose and powdeiy

snow becomes an agglomerated granular mass, grow-

ing more consolidated lirst in its deeper portions,

and afterwards at its surface, as it ti-avels further

down the valley. This is the neve, which passes by

insensible degrees into the glacier. As it descends

still further, what was once incoherent and opaque

snow becomes entirely converted into dense, and in

many places perfectly clear, ice.

The change of the opaque oieve into the trans-

parent ice of the glacier is primarily due to the

expulsion of the air enti*ai)i)ed between the particles

of snow. Each individual snow-flake is perfectly

transparent, and is separated from its fellow by a

film of trans^)ai-ent air. Owing to the difierent re-

fractive power of the air and the snow, a ray of light,

in passing from one to the other, suft'ers partial

reflection. A little light is therefore thrown back-

wards as it crosses from particle to particle of the

snow. These reflected rays are again caught by

other snow-particles in theii" patli, and a portion of

the incident light is again reflected. A luminous

beam is therefore unable to struggle through the

entanglement of air and solid, for though either

alone may be transparent, their intermixtui'e be-

comes opaque from the incessant echobuj of the

light.

A simple and efiective experiment may be made

to illustrate the foregoing Into a little trough with

glass slides, pour some water, holding in solution a

little bicarbonate of soda. Behind the trough place

a light the rays from which pass freely through the

liquid, as the continuity is mibroken. Now add a

little tartai'ic acid, which with water also forms a

ti'ansparent solution ; the acid added to the soda

liberates carbonic-acid gas, which, rising in a quantity

of minute bubbles, becomes intermingled with the

water, breaks up its optical continuity, and instantly

converts it into an opaque liquid. If the eye be

placed on the other side of the trough, the previously

clear liquid will now appear white, like milk. In

fact, the whiteness and opacity of milk is due to a

precisely similar cause, the mp-iad of transparent
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fjlolmlos of f:it it contains Imvinjj a (liflTci-pnt

nt'iactivc powt-r from the water in wliich they float.

If, theret\)rc. we stron;;ly sijneeze a niass of nielt-

ini,' snow, partial liqnefaction of the wliole will take

j)lace, a more rejuly escape for the air will he

ationled, and on ivlejusing the pressure the frag-

ments will \te found frozen into a continuous mass

of more or less tninsparent ice. How this re-freezinj^,

or rffjfldfioti, as it is termed, is effected we cannot

stay to di.scu.ss at this point, for it hsis been the

subject of much controvei-sy ; we may return to

this (juestion— as it is the most important factor in

the formation of a glacier—in a subsequent paf»er,

wherein the explanations that have been given of

the river-like motion of a glacier, will also have to

l)e considered.

When, as is sometimes the ca.se, a glacier can be

.seen from its origin in the snow-fields to its ter-

mination in the valley, its resemblance to a river

is strikingly manifest. Perhaps, nowhere are these

" currents of ice," as Goetlie calls them, better seen

than at Justedal, in Norway. In that district the

Nvgaanl glacier majestically sweeps down into the

valley, the whole of its couree l>eing seen at a glance.

Tlie MTiter can never forget the impression this

gi-and spectacle produced upon him as this glacier

suddenly bui-st upon his view. Tlie size of these

ice rivei-s varies considerably. Measuring from their

end. or »nmtt, to their origin, the glaciei-s of the Alps

are, on an average, from ten to twenty miles long

and about half a mile wide. Their de])th has been

a.scertainedonly apin-oximately ; moiilins— i.p., cavi-

ties in the ice through wdiich the glacier waters

escape—ha\'e l)een sounded, and deptiis from IGO

to .'^oO feet have been found without the bottom

having l)een reached. One of the upper arms of the

largest glacier in Switzerland, the Mer de Glace

(Fig. 1), breaks off into a vertical wall of ice 140

feet in height. These figures will give .some con-

ception of the ma.ss of a glacier. Nevertheless,

va.st as are these ice streams, they are insignificant

compared with the gigantic masses which doubtless

covered Northern Europe in a j)re-historic time.

That the glacier moves down its rocky lied nmst
have l»een a fact long familiar to even casual ob-

servei-s. But no accurate knowledge on this .subject

wxs i)Os.sessed till the late Principal Forbes ]>ub-

lished hLs "Ti-avels in the Alps" in 1 S4.3. By canful

measuretnents, Forbes—and, shortly aftei-wards, the

famous natur.dist Agassiz—a.scertainetl not only

the average rate at which the glacier moves as

a whole, but establi.she<l the important fact that

the centre moves more quickly than the sides.

Forbes' determination of the velocity of the <lif-

ferent parts of the glacier led him to propound

liis famous theorj' of glacier motion which still holds

its grounil, and to which we .shall in another paper

return. If a row of stones lie laid straight across

the gliicier to-day, they will not be in the same

position to-morrow: sujiposing it be summertime,

the centiid stones will have crej)t forward some

twenty to thirty inches, the marginal ones luit five to

ten inches, and the othei-s in proportion. The fact

of the sjieedier motion of the central j)ai-ts of a

glacier had been sunni.sed, a year or two j)i-evious

to Forbes' measurements, by a Bi-shoj) of Savoy,

Mgi'. Rendu. But long prior to Forbes, in 1788, the

celebrated De Saussure matle a series of observations

on glaciers which led him to suggest that glaciei-s

slid down the valleys, impelled by their own
weight. An incident that occurred to De Saussuie's

party was the means of afterwards revealing, in an

unexpected way, the i-ate of glacier motion. On
descending the rocks at the side of the Glacier du

Geant—one of the arms of the Mer de Glace—De
Saussure left behind liim a ladder. Forty-four yeai-s

later, in 1832, fragments of this ladder were found

by Forbes and other travellers at a point much
lower down the valley, carried thither by the motion

of the glacier. The distance between the two .spots

having been mea.sured, it was di-scovered that the

part of the glacier where the ladder was imbedded

must have descended, on an average, .37-) feet each

year. Another obsei-ver in 1827 had built a hut

on. one of the Swiss glaciei"s for the purj)Ose of

making observations, and the exact position of this

hut was detei'mined when it was erected. In 1841

it was found 4,884 feet lower down the valley, giving

an avei"age motion of 349 feet every year.

By the u.se of surveying instruments and stakes

<lriven in the ice, the daihj motion of a glacier may
l)e detei'mined. In this manner it has lieen found

that the middle of the Mer de Gl.ice moves through

twenty inches a day in summer, but in winter only

half Jis much. In difierent glaciei-s the velocity

varies according to the size, the inclination, the

amomit of snow-fall, and other circumstances.

'• The enormous niivss of ice thus gnidually and

gently moves on, imperceptibly to the casual ol>ser-

ver, at the rate of about an inch an hour—tJie ice

of the Col du (ieant will take 120 yeai-s before it

reaches the lower end of the Mer de Glace—but

it moves forward with uncontrollable force, before

which any obstacles that man could opj»o.se to it yield

like straws, ami the traces of which ait' distinctly

.seen, even on the granit*- w alls of tlu' valh-y. if, after
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a series of wet seasons ami an abundant fall of snow

on the heights, the base of a glacier advances, not

merely does it crush dwelling-houses and break the

trunks of powerful trees, but pushes before it the

boulder walls which form its terminal moraine

without seeming to experience any resistance. A
truly magnificent spectacle is this motion, so gentle

and so continuous, and yet so powerful and so

irresistible." *

The store of energy possessed by a moving

On this subject I may quote the following in-

teresting note sent me by niy learned friend, the

Hev, Maxwell Close, who has largely added to the

knowledge possessed by geologists regarding the

action of ice in Ireland :
—" The glaciation, or ice-

abrasion, to which Ireland has been subjected was

effected entirely by ice formed upon the present

area of the island. But the direction of the ice

movement in the north-east of Ireland, and in the

northward part of the County Wicklow, seems to

Fig-. 1.—The Mer ut. Glace. (From a Pi.otograph.)

glacier enables it to widen and deepen the channel

through which it flows. This it accomplishes by

the agency of the loose stones entrapped beneath

its mass. Thus the glacier acts as a gigantic rasp

upon the rocks forming its bed, scratching and

grooving their surface, and leaving permanent

traces of its course. It is by means of these rock

scratchings, or flutiiigs, that geologists have been

able to trace the action and indicate the direction

taken by ancient glaciers ; they have thus proved

that the British Isles were once the seat of glaciers

far more extensive than those now found in the

Alps, t

* Helmholtz :
" Popular Lectures," art. " Ice and Glaciers."

t "Science for All/' Vol. I., pp. 33-40.

have been influenced by the pressure of the ice

from what is now Great Britain. There were no

centres of ice dispersion on the east side of Ireland.

The Wicklow mountains, for instance, instead of

giving origin to any flows of the general glaciation,

were themselves invaded by ice, whose course can

be clearly traced backwards for about a hundred

miles to the less important hill group of Fer-

managh, (fee. Some of the centres, or, more properly,

areas, of dispersion were ill defined. Others

—

e.g.,

that of the Connemara mountains in West Galway

—were very distinctly marked. The great ice-flows

of Kerry had a compound and not a single origin.

As the ice progressed, it not only rounded and

scored the rocks by means of the detritus which it
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slicvo 1 along, luit it (»ft<'ii left the l)Oiililt'rH-lay in

long nan-ow ridges, fi-om thirty to one Inmdred feet

in lu'iglit, and sonu'tinn's one mile in length, wliich

are parallel, not oidy to eaeh other, but also to the

rock-scorings of their district. It is impossible to

sjiy what was tlie gi-eatest depth of the ice ; but

the ice from the Kerry mountains that crossed the

crest of the mountain ridge near Glengariff, which

separates Kerry from Cork, has left its scorings on

that crest at the height of 2,200 feet. The ma.sses

of vein-quartz on the shoulders of Croagh Patrick,

at the height of 1,G00 feet, retain the scorings done

Cv'utral position if the river continue in a straight

couree, but swerving to the op[)osite side if the

river-bed turn in the contrary direction. A glacier

behaves in a precisely similar manner. Professor

Tyndall tii-st drew attention to this fact, proving

that the line of swiftest motion in a glacier makes a

curve more sinuous than that of the valley itself.

Like a river, the glacier is fed by tiibutaries, bends

round a corner, and is retarded by the friction it

encounters against its bed, so that it moves more

quickly, not only at its centre than its sides, but

al.so at its surface than underneath. Further-

Fig. 2.

—

Showino the Unio.s op several Gi.Acii;ns into ove opeat Stheam.

by the ice from the Connemara mountains, fifteen

miles distant. Certain mechanical considerations

would .show that, for the ice to move as it did, its

depth must liave been very much greater than that

indicated by the most elevated of its markings

wliicli have been preserved or detected. When the

|ieriod of the general glaciation of the country had

pa.s.sed, many of the mountain hollows, or corries,

had their own small local glaciei-s, which have often

left the strongest evidence that can be imagine(l of

their existence."

We must now leturn to the stiiking analogy

which is presented by the motion of a glacier and

that of a river. When a river flows round a bend,

its |)oint of .swiftest motion shoots for a time

beyond the centre of the stream, regauiing its

72

more, the glacier is able to accommodate itself

to the size of its channel ; forced in heaped-up
masses through narrow gorges, it widens and

l)ecomes shallower as it pa.sses them, moving

swiftly in the gorge, and more sluggishly as the

channel widens. The union of several glaciei-s into

one grand trunk stream is strikingly seen in the

Mer (le Glace, for the sketch of which (Fig. 2), and

also for the two following diagrams, we are in-

debted to a work by Profes.sor Tyndall.*

The central parts of a glacier being those in most

rapid motion, the sides must neces.sarily be in a

statt! of strain, from the ice being constantly

dragged towards the centre. As the ice cannot be

stretched to an ai)preciable amount, the glacier

• "Glaciers of the AlpB," p. 30".
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bi-eaks at right angles to the line of stretching.

Cracks are thus formed, and, opening ont by the

continual pull, become ^vider, forming what ai-e

kno-mi as the ninryinal crevasses (Fig. 3). The

arrow indicates the direction of motion of the

rig. 3.—Marginal Crevasses.

glacier; the lines on each side, parallel with the

barbs of the arrow, indicate the direction of the

strain ; whilst the darker- lines, at right angles to

these, show the marginal crevasses. In some places

in the drawing the crevasses are seen to stretch

right across the glacier ; this arises from a sudden

change in the inclination of its bed, causing the ice

to snap across, and thus forming transverse crevasses.

Fig. 4,—Imaginary Section of Glacier in Fig. 3.

The union of these with the marginal crevasses

creates in certain places continuous deep fissures,

which sweep in great curves across the glacier.

It will be noticed that the convex side of the

curve points up the valley, making it appear as

if the glacier moved moi-e rapidly at its edges

than its centre—an anomalous appearance, which

much puzzled early observers. But the explana-

tion is now easy : the centre moves more swiftly

than the sides, and the crevasses are formed at

right angles to the line of greatest tension. When
a level surface is reached, the pressure from behind

forces the l)i-oken masses of ice together ; they re-

unite, and scarcely a trace is left of the gaping

transverse chasms. In Fig. 4 is shown an imagi-

nary section of the glacier in Fig. 3, showing the

regions of greatest tension and compression.

From a ftivourable point of view there can be

seen, in sul)dued light, f;iint streaks across the

glacier curving in the direction of its motion. These

are the so-called dirt-bands, accounted for in different

ways, but into the discussion of which we cannot

here enter. They are probably formed, at the foot of

an ice cascade, by the fine debris collecting in the

ridges and left exposed after the melting of the snow

on the glacier ; running, at first, nearly straight

across it, the dirt-bands partake of the greater

velocity of the central part of the glacier, and hence

acquii-e a curved shape as they are gradually carried

down the valley. (See Fig. 2.)

There are other points of interest in the struc-

ture of glacier ice, to which we can do no more

than allude. One of these is the " laminated

"

or " veined " structure, which has been accounted

for by the pressure to which the glacier is exposed
;

these less conspicuous appearances are found in

regions of greatest pressure, and are thus comple-

mentary to the crevasses which occur where the

tension is greatest.

But one of the most prominent features of all

the glaciers we have not yet mentioned. These are

the moraines, or masses of stones and debi'is which

the glacier bears on its surface or pushes before it.

Chiefly through the agency of frost, blocks from

the mountain .side become detached, and, falling on

the glacier, litter its side with scattered fragments

of rocks. The edges of a glacier thus become lined

with stones, which to some extent prevent the sun

from melting the ice beneath them. The consequence

is that, as the portions of ice not thus screened melt

away, the stony fringe, or moraine, apparently rises

to a considerable height, until in some places it is

elevated nearly fifty feet above the level of the

glacier. When two glaciers unite, one moraine of

each joins into a central ridge of stones, called a

medial moraine, the side ridges being termed mar-

ginal moraines. The formation of two or more

medial moraines is well seen in the diagi-am of the

Mer de Glace (Fig. 2). Pushing far below the

limit of perpetual snow, the glacier reaches warm
and cidtivated regions, where it shrinks in size,

and finally abruptly tei-minates, leaving its rocky

burden at its foot; this accumulating from year to

year, forms what is known as a terminal moraine.

Occasionally, large isolated slabs of stone are found

))erched on a pillar of ice. These are the so-called

glacier-tables, the formation of which is siinj)ly due to

the stone screening the ice beneath it from the action
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of the sun : hence, whilst the sniTOunding i)Ortion of

the ice melts, the part iM-neath tiie slal) of stone is

piotectetl, and thus iijjpears to rise fi'oni the general

level of the glacier. It is i*eailly the glacier which

has sunk l)V the melting of its surface, and the

erratic position of the jn'rched stone indicates the

former level of tlx' glacier. One imusually large

glacier-tiible on the Mer de Glace was measured,

and found to l>e a slab twenty-three feet long,

resting on a pillar of ice thiiieen feet high. The

larger the stont-, the higher it will tend to rise, as a

gi-eater surface of ice is protect<xl from the sun's

i-ays. The slabs of stone usually " dip " towards

the south, owing to the direction of the solar i-ays,

which warm the surface of the stone unecpially ; by

degrees the inclination given to the slab is so gi-eat

that it falls oft", the uncovered ice-pillar now melts

away, and a new one hard by rises in its .stead.

Another curious feature is more rarely met with

on the sui-face of the glacier. These are the yravel-

coties, for which the lower glacier of the Aar is

remarkable. These cones sometimes reach a height

of twelve feet, an<l a circumference of forty feet at

the Ijiise. They present a singularly artificial ap-

jK^arance, from their geometrical figure, and their

aspect so dark and foreign to that of the pure ice

around. Gravel or sand forms, however, only the

exterioi- of the cones ; within, they are solid ice.

Their formation has }>eeu explained in a somewhat

similar way to that of the glacier-tables. The

sti-eanis of water from the melting surt'ace of the

glacier cany with them sand and gravel from the

medial moraines ; the coui-se of the stream is

soon checked by a crevasse or hole in the glacier

in which its waters are enguljthed, forming a noisy

cjuscade or iitoulin. The sand and i,'ravei, boi iie by

the stream, are thus precij)itated into the heart of

the glacier, but in j)roce88 of time, as the glacier

melts away and the stream shifts its course, the

gi-avel once more apjM^ars on the surface. Here the

l)rotecting inftuence it exei-ts on the ice comes into

play, antl the mjiss of gi-avel rises, a cone l»eiiig

formed like that in an hour-glass, whose declivity is

the measure of the friction between the sandy

particles and the ice.

Not oidy does the sun melt the tipj»er surface

of the glacier ; the natural heat of the earth melt^

the under-surface to some extent, Imt whether the

li<|uefaction goes on above or below, the water

formed ultimately issues from the foot of the

glacier, in summer as a turbid torrent laden with

the rocky dust the glacier has ground in its

couree.

Thus the glacier is ever in process of dissolution

at its lower extremity and of renewal at its u]iper.

Its substance is fleeting, but itsform is permanent

;

and this permanence of form depends ui)on the j>er-

nianence of the conditions that surround it. If

those change, it changes, and a new form results.

Hence the life-history of the glacier is not unlike

that of an animal or of a species. Tliese have their

youth, their manhood, their decay, and their death
;

and, like the glacier, they present a ])ermanence of

form under a ceaseless flux of material. And so,

too, we oureelves may be said to resemble a glacier :

whilst the material of our bodies is ever being re-

newed, our consciousness, our personality, the im-

perishable form within, remain unchanged.

DIAMONDS.
By F. W. Ki

Profestor of Mineralngij, Ax., in

IOVE of ))ersonal decoi-ation may be fairly

-J counted one of the most widely spread of human
])a.ssion.s. "The first spiritual want of a barbarous

man," .sjiys Mr. Carlyle, " is decoration." * Such a

want was unquestionably felt by the ])eople of our

own islands long before Britain began to figure in

history ; in times, indeed, far older than the oldest

of our written reords. Kelics of the primitive or-

naments which wen; roughly fashioned in pn-hi.s-

toric or in non histoiic times are occasionally brought

• "Suitor Resartus," chaii. v.

DLKK, F. G.S.,

the VnicersUr) College of H'ole*.

to light by the antiquary while cxploi'ing those

ancient barrows, or eartlf-mounds, in which our

rude foi-efathers sleep. There the spatle is likely

enough to tuni up the amber bejul, or the ornament

of jet, or the bronze pin, or, may l)e, simply a

[)ei-forated tooth or bone or shell
;
yet all testifying

t<j the vast anticjuity of this practice of pei-sonal

adornment. And just us no age seems to have been

too remote, so no i)eople seem to be ttx) low to indulge

in this practice; as we trace it backwards to the pre-

liistoric past, so we trace it downwards to the most



188 SCIENCE FOE, ALL.

uncivilised of peoples in these latter days. Clothing

may be entirely absent, even the barest necessities

of life may be scant, but nevertheless the savage will

make some crude attempt at decoration. It would

be hard to depict a more abject people, for instance,

than the Tasmanians—a hapless race who have

rapidly died out before the advance of the white man.

And yet the poor Tasmanian would collect the

prettiest of shells to be found in the island ; would

patiently clean them, so as to expose their pearly

sheen and rainbow hues \ and would then string

these glittering ornaments into a necklace, which

—to judge from specimens preserved in our

museums—would hardly have disgraced her fair-

skinned sisters in more favoured lands.

Shells and other animal products—notably pearl

and coral—still obtain as materials for personal deco-

ration among nations of the highest culture. But

in seeking the most appropriate objects for such

purpose, the choice among civilised peoples has

generally fallen upon those mineral substances which

are not only sufficiently beautiful to be prized for

brilliancy and for colour, but at the same time are

sufficiently hard to be durable and to receive a high

degree of polish which is not easily lost by wear.

If the stone be also one of rare occurrence, it

becomes of course still more precious. The three-fold

combination of brilliancy, hardness, and rarity is

nowhere more conspicuous than in the Diamond ;

and hence the diamond has long taken rank among

the most highly-prized of our precious stones.

No less keen an observer than Shakspere has

told us that

—

" Dumb jewels often in their silent kind "

are able to effect "more than quick words." * It

is the purpose of this article to put a tongue into

some of these " dumb jewels," and to listen to then-

scientific teachings. "We shall thus endeavour to

add instruction to their fascination, to show that

there is something in them worth noting beyond

mere beauty and glitter ; to reveal, in short, their

chemical and physical history. It is with only one

stone, however, that we purpose at 2>resent deal-

ing ; and as the most tyjjical example of a precious

stone we naturally select the diamond.

One of the most attractive objects in the Paris

Exhibition of 1878 was the collection of national

jewels
J
and undoubtedly the most attractive object

in this collection was the famous Regent or Orleans

Diamond. Among historical diamonds this stone

is in many ways unrivalled, and may therefore fitly

* " The Two Gentlemen of Verona," Act iii., sc. 1.

form the text of this article. A few other diamonds,

it is true, may exceed it in weight ; but assuredly

none can surpass it in brilliancy of lustre, in purity

of water, or in perfection of form.

The Regent is an East Indian stone which was

found in one of the famous diamond-mines near

Golconda. It has often been styled the Pitt

Diamond, in allusion to its having at one time been

in the possession of Thomas Pitt, the grandfather

of the first Earl of Chatham, when Governor of

Fort St. G-eorge. This was the diamond to which

Pope pointed in his libellous lines :

—

" Asleep and naked as the Indian lay,

The honest factor stole the gem away." f

The name of Pitt is now, however, but rarely heard

of in association with this stone ; and it is usually

described either as the Orleans or as the Regent

Diamond—names which refer to its having been

acquired for Louis XV. by the Duke of Orleans,

when Regent of France, at the solicitation of John

Law, the famous financial schemer. It is needless,

however, to occupy space better devoted to scientific

details by recalling the curious history of this stone.

A good notion of the size and the shape of the Re-

gent may be obtained from Fig. 1. Its elegant form,

encircled by a multitude of facets, is of course the

result of art, the stone having been cut by skilful

craftsmen into the shape best fitted to display its

beauty. But a diamond in its rough state, just as

it is taken from its resting-place in a bed of gravel.

rig. 1.—The Regent Diamond. {Tilatwral Size.)

is far from being a formless mass. Its native shape,

however, is widely different from the shape of most

cut stones. By far the greater number of mineral

substances, and not a few artificial products, ai'e

capable, under favourable conditions, of assuming

definite shapes, always symmetrical and often

extremely beautiful. Watei", for instance, when

allowed slowly to freeze into a mass of rigid ice,

exhibits this tendency. Instead of solidifying

into a formless mass, it tends to branch out into

t "The Man of lloos."
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graceful shapes, wliich often mimic the spreading

frond of a fern. Who, indeed, ha.s not admired

upon his bedroom window those beautiful

" Ico foms on .lanunry i)anc8

Miido hy II breath r" •

This power of solidifying in regular shapes is known

as crystalUsntiun. It is not, however, every kind

of matter that enjoys tliis power. Take, for instance,

a piece of glas.s, and mark how different its structure

from that of ice ; observe, in fact, the difference

between the " Januaiy pane " and the " ice ferns
"

which cling to that pane. Sufficient heat wU fuse

the glass to a clear liquid ; but wdien this licpiid

cools, it solidities without any tendency to shoot^out

in one direction rather than in another. It is true

that, under exceptional conditions, glass may be in-

duced to crystallise ; but then its characters are so

greatly changed that the gla.ss loses its glassiuess,

and is hence si\id to Ije devUnJied. Under all

ordinary conditions, the mass of glass is without

regular form. Some kind of shape of course it must

possess, like every other solid body ; but it is an

iiTegular or accidental shape, lacking all symmetry

and detiniteness ; so far, indeed, from being any-

thing like a crystal, it is more like

" That other shape.

If shape it may be called, which shape had none." f

Bodies which are thus destitute of definite form,

save that which is given to them from without, arc

said to be amorphous ; while those which are capable

of spontaneouslyassuming regular fonn are described

either as cryslull'ised or as cri/atall'nie, according as

the shape is well marked or merely confused : thus

sugai'-candy is crystallised, and loaf-sugar crystalline.

The diamond is generally found in well-defined,

symmetrically-shaped, solid forms, or crystals, of

which one of the most common is that represented

in Fig. 2.

And here we may remark that it is not a little

curious to trace this word " crystal " to its source.

(Jriginally we find it applied to that clear and hard

substance which is still known as rock-cryst<d—

a

mineral which was formerly u.sed to a large extent

in jewellery, but which is now chiefly employed in

the manufacture of spectacle - lenses, when it is

termed " pebble." This mineral was found by the

ancients in the clefts of those granitic rocks which

rise into shai'p peaks high above the snowline in

the Alp.s. So clear, so ice-like were these crystals,

that it seemed fair enough to a-ssume that they were

nuliiing but intensely-frozen water : an assumption

^ Tennyson 8 "Aylmer's Field." t " I'inadiae Lout."

Fip. 2.—A Retriilar Octahedron
;

a typical Form of the Diamond.

which was fortified by their frequent di-scovcry in

the neighbourhood of Alpine glaciers. And thus it

came to pass tiiat the

Greek word for ice

—

crystallos—was applied

to this sidistance.

That this view of the

origin of rock-crystal

was seriously held by

the philosophers of

antiquity is clear from

a passage in Pliny,

where we are told that

this crystal " is found

only where the .snows of winter freeze hardest ; it

is certain that it is ice, whence also the Greeks

gave it the name." J Nor is there the slightest

doubt that he refers hei'e to rock-crystal, for a little

farther on he confesses that " it is not easy to say

why it is born with six angles and six faces." This

description of the six-sided forms agrees exactly

with the common crystalline characters of rock-

crystal, as shown in Fig. 3.

In modern times the term " crystal " has received

very extended u.se, and is now applied to all

regularly-formed solids, however widely they may
differ from the forms which rock-crystal assumes.

In other directions, too, the term has attained even

wider significance. Thus, a Frenchman speaks of

flint-glass as cristal—an application of the word

Avhich has evidently been suggested by the beautiful

limpidity and brilliancy of such glass, and by its re-

semblance in these respects to the purest forms of

rock-crystal. Yet
it is well to note

the laxity with

which the term is

here used ; for the

gla.sswhich is thus

called "crystal" is

just one of those

sub.stances that,

as explained"

above, are emi- ^-^^^
nently uncrystal-
,. ,

, TC ii Fig. 3.— Hock Crystal; ocoasiioually
usable. ll the mistakeu for Biamoud.

flint-glass pre-

sents any definite shape, it is a shape imjuesscd

upon it from without, not developed from Avitliin.

A short time ago a beautiful kind of paper-weight

was introduced, which con.sisted of a block of clear

colourless flint-glass, cut into various geometrical

X
" Hist. Nut.," xAxvii. 'J.
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forms identical with those of natural crystals. But

these solids, after all, had only the barest semblance

to a cry.stal : they were, in fact, produced by art

operating on the exterior, while a true crystal is

formed spontaneously by the natural outgrowth of

the substance.

Up to within about a century ago, the diamond

was regarded as simply a peculiar kind of rock-

crystal ; nor indeed is the difference always iinder-

stood even at the present day. It has occasionally

happened that an emigrant has

thus been bitterly deceived,

after having travelled, it may

be, thousands of miles, with

his supposed treasures. Igno-

rant of minerals, he has

counted himself fortunate in

having picked uj), in the bed

of a stream in some unknown

land, a number of beautiful

little crystals which are as

clear as the purest drops of

water ; if he looks at them carefully, he observes

that every edge is as sharp and every face as

smooth as though it had been cut by the most

skilful of lapidaries ; moreover, if he touches these

faces with a hai'd steel tile, he fails to make the

slightest impression upon them. What, then, can

such stones be biit diamonds 1

The most sujierlicial comparison of the crystalline

forms of the diamond with those of rock-crystal is

sufficient, however, to set all doubt at rest. It is

true that both the rock-crystal and the diamond

present symmetrical shapes, but the kind of sym-

metry is very different in the two cases. Look at

the rock-crystal in Fig. 3, and observe that the

column has six sides to it, and that the cap has also

six sides. Now turn to the ciystal of diamond in

Fig. 2, and mark the difference : here is a solid, made

fact, as difierent in their .<^.ymmetry as the two flowers

diagrammatically rejn-esented in Fig. 4. In a the

floral leaves and other parts are arranged in sixes :

this therefore corresponds with the arrangement of

the faces in the rock-crystal, where everything is re-

peated around the centre six times. In b the parts

of the flower are disposed in fours : this therefore

agrees in symmetry with the diamond, where the

faces are grouped around the centre in sets of four

or multiples of four.

-Dili •ammatic Plans of Flowers, shf wing in (a) six-sided,

and in (b) four-sided symmetry.

\ip of an upper and a lower half, each bounded by

four face.s, but showing nothing like the six-sided-

ness of the rock-crystal. The two crystals are, in

Cube with its solid Angles cut off in a, and with an " inscribed" Octahedron in b.

The typical crystal of diamond, represented in

Fig. 2, has eight faces—four above and four below

—and is therefore called an octahedron. But there

are many other solids which also have each eight

faces, and are hence equally entitled to be called

octahedra. To distinguish the diamond-foi"m, how-

ever, it is only necessaiy to observe that each of

its eight faces is a triangle, having the three sides

equal : these eight eqviilateral triangles make up

what is called, for distinction's sake, a regidar octa-

hedron. It is not difficult to obtain such an octa-

hedron from a common die or cube. If each of the

eight corners of a cube be properly cut oiT, as in Fig.

5 (a), eight little pyramids will be obtained, and

there will be left behind a perfect regular octahedron

(b). It is in consequence of this close relationship

between the octahedron and the cube, that the

student of crystals speaks of the diamond as crystal-

lising in the cubic system, although the cube itself

is not a characteristic form of this stone.

It must not be su})posed that every crystal of

diamond is as simple as that represented iii Fig. 2,

which we have hitherto taken as our type. The

forms which the diamond assumes are indeed very

various, and often exceedingly complex, but these

forms are all governed l)y the same law of symmetiy,

and are all related more or less closely to the cube.

They belong, in fact, to one common group or system.

Fig. 6 represents some of these charactei-istic forms

of diamond. It should Ije noted, however, that

the faces are frequently curved.
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Wlmtever form fli.« (lianioinl happt'iis to |>ossi'.s.s

in it.s native state, it may always Ix* split with ease

into an ix-tahedi-al shape, like that repivsenteil in

Fiir. C.—Typical Fomis of Crystals of DiamoDds.

Fig. 2. This j)ropeity of splitting in a definite

dii-ection is known as cleavage, and is a pro[)eity

enjoyed by most crystallised snbst<inces. If a body

be uncrystallised, such as a piece of glass, it exhibits

no tendency to split in one direction rather than

in another ; but if it be ciystiillised the case is very

different, for the effect of a blow is then, not to

shiver it into irregular fragments, but to split it

along definite planes. The diamond [)Ossesses an

octahedral cleavage ; that is to say, it splits along

planes which correspond to the faces of a regular

octahedron.

This pro[)erty of cleavage is taken advantage of

by the diamond-cutter in the preparatory operation

of dressing a diamond. If the rough stone be not

other impei-fection in the stone, the diamond-splitter

Ciin detach a slice by a single tap. The e.\j)erienced

eye readily ti-aces the direction in which a fragment

may Ije split ofi' with

ea.se, nipidity, and cer-

tainty. To eflect this

openition, the diamond-

splitter—who is repre

sented at work in Fig. 7

—imbetls the stone in

warm cement, comjMjsed

of a mi.xture of resin

and brick -dust, and

attached to the end of

a small wocxlen rod.

Part of the stone is free, and on this part the

operator traces, by means of another diamond,

the direction in which he intends to effect the

cleavage. Then, supporting the rod of wood in an

upright j)osition, by in.sertion in a hole in a block

of leiul, he places a steel blade in the notch which

has been cut by the second diamond, and strikes a

sharp blow on the back of the blade l)y means of a

little hammer, which is really a peculiarly-shaped

steel rod. The stone, having been split by a smart

tap, is released from its matrix by warming the

cement, and is then ready for clea\'age in another

direction.

After having been duly cleaved, the diamond

passes to the hands of the cutter, who skilfully

trims it to the shape which it is letjuired to display.

Kiir. 7.— .SiiliUiiii,' a Duimonil. fig. H.— cuttiii,' a hiiimoml.

alieady in the form of an octahedron, it can be This ojK^ritor imbeds the greater part of the stone

nadily reduced Ut that form liy .skilfully-delivered in cement. carri«'d at the end of a wooden handle,

blows. Ur if it be desired to remove a flaw or imd then ruin,- the expo.sed part again.st another
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diamond similarly mounted. In Fig. 8 the cutter

is seen patiently rubbing the two stones together

until the surfaces are sufficiently worn down. His

hands, it will be observed, are protected by thick

leather gloves. The operation is performed over a

small box, w^hich catches the dust, this diamond-

dust being of such value for polishing jDurposes that

every grain is carefully preserved.

It is worth noting the successive stages by which

the " cutter "—or, as he might more appropriately

be called, the "rubber"—Ls able to develop the form

best adapted to display the beauty of the diamond.

Let us see, for example, how he could cut the Regent

out of an octahedron ; how, in short. Fig. 2 could be

converted into Fig. 1. The first step is to gi-ind

down one of the four-sided points, or solid angles,

to a flat siirface, which is called the table of the

diamond. Thus, if A in Fig. 9 represent a side

Fig. 9.—Successive Stages iu cutting a Brilliant from an Octahedron

elevation of an octahedron, the summit will be re-

placed by a plane, as shown in B. Then the opposite

four-sided point is similarly rubbed down ; but this

second plane, which is known as the collet, is much

smaller than the table, as indicated in B. The line

which runs horizontally round the stone, between

the table above and the collet below, is termed the

girdh : evidently it is the natural edge of the octa-

hedron separating the upper from the lower four-

sided pyramid.

Having thus given a general shape to the stone,

it remains to cut the sui-face into facets ; some

lozenge-shaped and others triangular. In c these

facets are in course of formation, and in D they are

completed. The shape thus ultimately given to

the cut diamond is kno^\^l as the brilliant ; and the

parts of the stone below the collet and the gii-dle

are distinguished as the pavilions, while the parts

between the table and the gii-dle are sometimes

termed bezils. In order to bring out the beauty of

the diamond to greater advantage, it is necessary to

preserve certain proportions between the several

parts of the stone. The Regent is especially

notable for the correctness of these proportions, and

is probably the most perfect brilliant ever cut. It

weighs in its present state 136| carats. If the

proper proj)ortions are not duly respected, the stone

lacks brilliancy; and this, unfortunately, is the case

with the famous Koh-i-noor. After it had been

exhibited in the Great Exhibition of 1851, it was

cut by Herr Voorsanger, a workman sent over to

this country for the pui-pose by Messrs. Coster, the

famous diamond-cutters of Amsterdam. The great

object was to reduce the ii-regularly-shaped Indian-

cut stone to symmetrical form with as little loss of

weight as possible. As a consequence of this

economy, the stone is much too broad for its depth,

and therefore is sadly wanting in brilliancy. Fig.

10 shows the Koh-i-noor in its present form, which

is that of a thin or " spread" brilliant. Its weight is

now 102| carats, the loss during re-cutting having

been S'i^^ cai-ats.

It is not every diamond that is adapted by its

natural shape to be cut into the form of a brilliant

;

and stones which could not be so cut wdthout great

loss of weight are gene-

rally wrought into the

form known as a Hose.

From Fig. 1 1 it will be

seen that the rose has a

flat base, and is domed

above, the dome being

cut into two rows of

facets, the number of w^hich varies, however, in

different varieties of the rose.

After the diamoiid has been cut into the form of

Fig. 10.—The Koh-i-noor. {Natural Size.)

either rose or brilliant, it requires to be polished in

order to develop that lustre and fire which form so

Fig. 11.—A Eose-cut Diamond.

prominent a feature in the beauty of the diamond.

To impart polish, the cut stone is imbedded in a
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fusible metal, like solder, contuiiied iii a copper cup

wliich is funiLshed with a woodeu or metal haudle.

The diamond is fixed in the matrix by hand, and

the soft metal when warm is worked into a conical

foi-m, having at its apex the exposed face of the

diamond which Ls to be ix)lished. When care-

fully mounted in this fashion, it is hande<l over to

the polisher, who places the exposed face on a

ciixjulai- disc of iron moiuited on a vertical axle, ami

mpidly rotating in a horizontal i>lane. The wheel

is covei-etl with diamond-tlust, moistened with oil,

and a number of diamonds may be placed on the

biime wheel at the sjime time. The ix)lisher is

represented at work in Fig. 12.

In cutting, or i-ather rubbing, the diamond into

shape, and in polishing the cut stone, no abrading

agent can be used except the diamond itself. It is

this supreme hai-dness that gives much of the value

to the diamond ; for the roughest wear scarcely

destroys the sharpness of the cut edges or deadens

Fie. i:.-.— r'-.i;-tiiuL' n ijiamond.

its polish. Tills exceptional hardness of the

diamond is well known, and gives point to the

expression "diamond cut diamond;" but the

])Opular notion often credits this gem with an in-

domitable nature which it can scarcely claim.

Among the many extravagant things which Pliny

tells us is his remark that certain diamonds have

such excessive hardness that when struck upon an

iron an\-il the hammer and anvil are torn asunder.

Yet he coolly a.sserts that such stones can be sub-

dued by digestion in goat's blood, provided that the

cui-ious solvent be fresh and warm. Without going

to this height of extravagance, many believe, even

nowadays, that a true diamond will re.sist the

blow of a hammer. This popular error arises fi'om

73

confounding hardness with toughne.ss—two physical

properties which are entirely distinct. A piece of

guttii-i>ercha, for example, Is .so tough that it Is torn

asunder with dithculty, yet so soft that it may be in-

dented ijy the tinger-nail. On the other hand, the dia-

mond is so hard that no other substance is capable of

scratching it, yet so brittle, that the Regent itself

might be shattered into fragments by dropping it on

to the ground from the height of only a few feet.

Every one knows that the prime object in polish-

ing a diamond is to develop its lustre with due

effect. This remarkable lustre Is the result of the

high power which the stone posses.ses of reflecting,

refracting, and dispersing—that is, of shedding

forth, bending, and decomposing—the light which

falls upon its surfaces. To attempt, however, a full

explanation of the action of the diamond upon light

would need a S2)ecial article. It is suflBcient here

to remark that the high refracting power of the

diamond led Sir Isaac Newton to his famous con-

jecture that this gem might be " an unc-

tuous .substance coagidated."

This sagacious inference was confii-med

by a remarkable experiment conducted in

1695 by some membei-s of the Florentine

Accademia del C'imento. In the presence

of the Grand Duke Cosmo III., they sub-

jected a diamond to the heat of the sun

concentrated by a large burning - glass,

when they found that the hard, indomit-

able gem quietly vanished into thin air.

It should be noted, however, that Robert

Boyle—one of our earliest experimental

philosophers, who has been facetiously

described as " the father of modern chemis-

try, and the brother of the Earl of Cork"

—had previously found that a diamond ex-

posed to a high temperature is partly dissi-

pated in " acrid vapouiis." The true explanation

of such phenomena was reserved for the gi-eat

French chemist Lavoisier, who not only burnt the

diamond but examined the product of its com-

bustion. A diamond was imprisoned in a ghtss

vessel containing air, and standing over mercury

;

by means of a burning-glass it wixs then ignited,

and the resulting vapour, being confined in the

vessel, was subjected to chemical scrutiny. This

vapour was found to be neither more nor less than

carV)onic-acid ga.s—a gas wliich consists of carbon

and of oxygen, and is [iroduced whenever charcoal

or any other form of cai-bon is burnt, either in pure

oxygen or in atmospheric air.*

• Vol. I., p. 35C
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Here, then, was a novel and unexpected discoveiy.

If the diamond produced during its combustion

nothing but carbonic-acid gas, it is clear that it

must consist of jiure carbon ; in other words, it

is closely related chemically to such familiar and

widely dissimilar substances as charcoal, coke, and

black-lead, and would indeed be chemically identical

with these substances provided that they existed in

a state of perfect purity.

To burn diamonds may be an expensive, but it is

by no means a difiicult, experiment. Even the heat

of a mouth blow-pipe is sufficient to ignite the gem.

The exj^eriment may, however, be more conveniently

l^erformed in an appax'atus such as that represented

in Fig. 13. Here is a glass vessel containing

oxygen gas, and having at the bottom a small

Fig. 1-i.—Face of an Octaliedron of
Dianioud, sliowin^ Triangular Im-
pressions developed by Heat.

Fig. 13.—Burning a Diamond in Oxygen.

quantity of limpid lime-water. The diamond is

placed in a spiral of fine platinum wire, or in a

little boat of thin platinum foil, and a current of

electricity from a small galvanic battery is sent

through the platinum. The metal offers a resistance

to the passage of the electricity, and immediately

becomes incandescent. This heat is then commu-

nicated to the diamond, and as soon as the. gem is

kindled the cii'cuit is inteiTupted, and the platinum

consequently ceases to glow. But the combustion

of the diamond, once started, steadily continues :

the carbon combines with the oxygen, forming car-

bonic-acid gas, and the action is sufficiently energetic

to maintain the diamond at a vivid glow. The com-

bustion over, the lime-water may be shaken up, when
it immediately becomes milky, in consequence of

the formation of an insoluble cai'bonate of calcium,

which remains suspended in the turbid liquid.*

* This test for carbonic acid has been fully explained in

Vol. I., p. 356.

It is worth noting that after a diamond has been
strongly heated in air the half-bnrnt surface

exhibits curious triangular impressions, such as

those seen in Fig. 14. If, on the other hand, the

diamond be strongly

heated without access

of air, its surface be-

comes blackened. Some
interesting experi-

ments on this subject

were made by Gustav

Rose, a very eminent

chemist in Berlin, a

short time before his

death in 1873. Dr.

Siemens had erected a

powerful dynamo-electric machine at his works in

Berlin, and by the action of this machine a very

powerful voltaic arc, or electric light, was pro-

duced. Rose inclosed a diamond in a strong

glass vessel, from which air had been exhausted,

and on exposing the gem to the intense heat of

the arc its surface became en-

crusted with a thin layer of a

graphitic substance, like the

so - called black - lead of our

pencils. Indeed, the chemist

knows that plumbago or gra-

phite is only another form of

the pi'otean element carbon.

After the combustion of the

diamond, a small quantity of

ash generally remains behind.

This ash has been made the subject of cai-eful micro-

scopic examination by several eminent observers.

Petzhold asserted that he could detect in this ash a

cellular structiu'e, indicating the vegetable origin of

the diamond ; and Giippert, who had given much
attention to such subjects, was inclined to the same

belief. The evidence, however, does not appear

sufficiently strong to warrant any assertion as to the

organic origin of the gem, although evidence of a

different nature might be cited to show the pro-

bability of such an origin. In fact, the genesis of

the diamond, after all that has been said on the sub-

ject, remains one of the unsolved enigmas of science.

Interesting as it might be to trace the geogra-

phical distribution of the diamond, and to study

the geological conditions under which it occm's,

any excifrsion in that direction is forbidden by the

liaiits of this article. It Avas explained, indeed,

at the outset, that our popular study of the dia-

mond would relate to its physical and chemical
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Listoiy ; and to tliut history we have strictly con-

fined oui"selves.

Fi-om what hu.s l)een heif advanced with i-espcct

to tlie crystulline form and the clieiaical conijio-

sition of the diamond, we may learn one of the

gi-eat diffei-ences between a scientific and an un-

scientitic view of a subject. The raan of .science,

in looking on the worKl aroiuul him, detects dif-

ference.s wliei-e the uneducated eye sees only re-

semblances, while he traces resemblances where

the iinscientitic observer recojjnises nothing but

difiei-ence. This general proposition lux-s l)een strik-

ingly illustrated in the coui-se of our ]>resent study.

Thus we have found that the ine.vperieneetl eye may
fail to detect any diflerence between a rough dia-

mond and a piece of rock-crystal ; but the observer

who has only the slenderest acquaintance with

crystiil-forms recogni.ses at once a vast difTerencc

between the two substtinccs. On the other hand,

an unscientific observer, looking only at superficial

characteristics, refu.ses to admit any similarity or

kinship between a diamond and a piece of charcoal

or a piece of black-leail
;
yet the student who has

learnt only the veriest rudiments of chemistiy

recognises the intimate relationship that unques-

tionably exists between these several fonns of

matter. Surely it is no mean triumph of the

chemist to have shown that a sj)arkling, pricele&s

gem like the Regent diamond is identical in e.s.sence

with the black-lead which the housemaid uses for

polishing a stove, and is well-nigh identical with

the coke and charcoal, with the anthracite, and

with other carbonaceous fuels, which are every day

being thrown by the ton into our furnaces.

THE HISTORY OF A HEX'S EGG.
By Thoma;^

Lecturer on Phyjsiology to

A^IOXGST the numerous natural objects with

which we are daily brought into contact, none

is, perhaj)S, more generally familiar than the egg of

the cojumon fowl ; nor can there well be found a

study more replete with interest and instruction

than the histoiy of its origin and of the wonderful

changes by which, dui-ing the process of hatching,

it become.s converted into a chick. To place our

readei-s in possession of a few of the more im-

jwrtant stages in this wonderful hi.story is our

object in the present pajier.

Before considei-ing the manner in which the egg

is fii-st fonned in the body of the hen, it will be

well to notice briefly the structure of the ess as w-e

ordinarily lind it when ju.st laid. First, then, we
have to notice in the new-laid eg<r that it is invested

by an outer porous coAcring, the shell, composed of

salts of lime deposited in an organic ba.sis. Uf)on

examination, the shell will be found to be lined

with a toughish, oi)aque membrane, the shell-

rwinbrane. In perfectly fresh eggs this shell-

membrane appears to consist of only a single layer,

but close examination .shows that it is really com-

l>osed of two ; a f^ict which is easily a.scertained in

an egg which has been kept for a few days, sis the

two layers of membrane tend to sejMirate from each

other at the broad end of the egg, and to develop

between them a small cavity, into which air pa.s.ses,

DUNMAX,

the Birkheck Institution.

and which is termed the air-chamher {a cJt, Fig. 1).

As this air-chamber, when present, is easily ^^sible

when an egg is held up to the light, it forms a ready

means by which the careful housewife may test the

freshness of the eggs with which she is supplied.

The development of this air-chamber is due to the

shrinkage of the albumen or white of the egg, con-

sequent upon its evaporation through the porous

shell.

Next to the shell-membrane we come iqxjn the

white of the egg, or, as it is technically termed, the

albcmeu. This material is of two kinds, one rather

more fluid than the other. A layer of the more

fluid kind lies next to the shell-membrane, and a

similar layer invests the yolk. Between these two

layers the albumen is made up of the less fluid

material, which consists of a kind of fibrous net-

work, the meshes of which contain fluid.

Extending from the yolk on either side neaily

to the .shell-membrane are to be seen, in the

albumen, two opaque, somewhat woolly-looking

twisted cords. These, when examined with a lens,

api>ear to consist of opaque white knots bandetl

together. an<l have conseqtiently received the some-

what fanciful name of chdlaza', or hailstones.* The

use of these chala7,.T is probably to act as elastic

pads to keep the yolk in jjosition.

• Greek, cludiiza, LaiL
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Turning to the yolk, we find it consists of a

mass of yellow material inclosed in a very thin and

delicate membrane, which is easily creased, and

which is tenned the vitelline, or yolk-membrane*

The yolk itself is made up entirely of cells, of which

there are two kinds, one lighter in colour than the

other. These lighter-coloured cells constitute the

so-called lohite yolk, while the others form the yellow

yolk. By far the larger portion of the yolk is

composed of the latter, through which the white

yolk is disposed in the manner sho"WTi in our

diagi-am (Fig. 1). Fu-st, immediately beneath the

yolk-membrane there is a thin layer of white yolk,

and this is connected with a somewhat flask-shaped

mass of the same material occupying the centre of

the general body of the yolk, while several thin

layers of white yolk are arranged through the mass

Pig. 1.—Diagrammatic Section of a Fowl's Egg.

\bT) Blastoderm ; (ajvl Wliite Yolk ; (jjy) Yellow Yolk ; (rt) Vitelline Membrane

:

'W) Albumen ; (cfc) Chalazae: (d cA) Air-rhamlier : (!,»)))) Internal Layer of
Shell Membrane ; (sm) External Layer ol Sliell Membrane ; {sj Shell.

concentric with the external layer. Resting on the

yolk, immediately beneath the yolk-membrane, will

be seen a small, whitish, disc-like body, about

one-eighth of an inch across. If this be examined

with a lens, it will be seen to exhibit two more or

less well-defined parts—an outer white ring, and an

inner transparent circular space, in which dots of

white are usually seen (Fig. 2). This disc is the

so-called blastoderm.^ F;Dm it, and yrom ii a?one,

the future chick will be developed, the remainder of

the yolk serving only as nutriment for the chick

until hatched. The central clear space is called the

pellucid area, the outer white ring the opaque area.

It is in the pellucid ai-ea that the chick is developed,

the opaque area gi\"ing rise to certain temporary

structures, which serve a purpose ending with the

hatching of the ^gg. As shown in the diagram

(Fig. 1), the blastoderm rests upon the top of the

Latin, vitelhis, yolk. t Greek, blastos, a germ ; and
derma, a skin.

flask-shaped mass of white yolk, between which and

its lower side is a small cavity filled with clear fluid,

in which a few cells may be seen floating. The

blastoderm itself consists at

this period of two layers of

cells, and the upper layer, ex-

tending beyond the edges of

the lower one, rests directly

upon the white yolk, and

gives rise to the opaque area. Fig. 2.—Biastodei-m as
seen from Above.

Ihese are the StrUCtVU'eS (oa) opaque Area
; (iwo Pelludd

present in the hen's egg when
laid ; but in order to thoroughly comprehend their

histoi'y and relative importance we must go back to

a much earlier stage, and trace their fonnation in

the body of the hen.

As every one knows who has ever prepared a

fowl for cooking, there is always found in the body

of a laying hen a structure commonly known as

the " egg-bag," which contains several small yellow

spherical bodies, inclosed in delicate capsules. Each

of these yellow spheres resembles the yolk of an

egg in being comj^osed of yeUow and white yolk-

cells, and also in being inclosed in a delicate yolk-

membrane. Each of these spheres is a so-called

ovum, or egg proper, and is found to contain a

small disc, the germinal disc, inside which is a small

bladder-like body, which is the germinal vesicle,

whUe inside this again is a small spot, the germinal

spot (Fig. 3).

When the ovum is quite rij^e, the capsule bursts,

and it is discharged into a long tube with muscular

walls, which is termed the oviduct. In this tube

the accessory structui'es are added to the ovum so

as to convert it into the egg ready for laying. In

the ujjper portion of the oviduct the white of the

egg is deposited i-ound the yolk ; next the chalazae

are formed. A little lower down, the shell-mem-

brane is deposited, and

lower still the shell is

formed by the poiu-ing

out of a thick wliite

fluid in which mineral

matter is deposited.

After this last process,

which takes some twelve

or eighteen hours, the

egg is passed with its

narrow end downwards

to the exterior, and is,

as we say, laid..

These are, however,

changes which take place in the ovum during its

Fig. 3.—Ovum in Capsule of
Ovarj'.

(d Capsule ; (rt) Vitelline Membrane;
iy) Yolk : (<7d) Germinal Disc ; {gv)

Germinal Vesicle ; Cffs) Germinal
Spot.

by no means the only



THE HISTUKY OF A HEN'S EGG. 197

passage dovm the oviduct As soon as the ovum

entere the oviduct the geniiiiial vesicle and ger-

minal spot disappear. At the same time, remark-

able changes take place in the germinal disc.

Firet a furrow makes its appearance, crossing the

disc and dividing it into two ; this is followed by a

second fuiTOw at right angles to the tirst, and so

the disc becomes ilividetl into four segments.

These primaiy furrows ai-e very s|)eedily followed

by othei-s, .some passing like i-adii from the centre

to the circumference, othei-s crossing these, and so

cutting the gemiinal di.sc into a number of small

segments, each of which constitutes a cell (Fig.

4, A B c). A somewhat similar process goes on

beneath the surface of the disc, and eventually

there is produced from it the blastoderm, with its

two layei-s, such as we find it in the laid egg.

It will be observed that the blastodenu, which,

Fijr. i.—Surface Views of the Early Stages of the Segmentation of a Fowl's Egg.

as we have already said, is the only part of the egg

which is develoj»ed into the chick, is produced by

the method just described faom a single cell. This

cell, like all other cells, is composed of that sub-

stance known as pi-otoplasm, which is present as an

e.ssential constituent in all living beings. Tlie

process of splitting up, by which the germinal disc

becomes converted into the blastodema, with its

upi)er and lower cellular layere, is known as seg-

mf/nldtion.

We have thus traced the history of the hen's egg

from its earliest appearance in the body of the hen

down to the time of its being laid ; we have next

to see what happens in the course of its develoj)-

ment into the perfect chick.

When the egg Ls laid, the processes which we
have been describing cea.se, unle.ss the egg be sub-

mitted to an amount of warmth similar to that in

the IkxIv of the hen ; this may be l)rought a])out

either in the natural way, by the hen sitting upon
the egg, or by some artificial methotl of incubation.

Whichever method be adopted, the subsequent

changes are the same.

As soon as incubation commences, the pellucid

area gets much more strongly marked otT from

the opafpie area ; it, moreover, gets first oval and

then pear-.shaped, the long axis of the i)ear lying

across the long axis of the egg, at right angles to it.

The broad end of the pear-shaped pellucid area will

be develoj)ed into the head, an<l the naiTOw extre-

mity into the tail of the future chick. At the same

time, the blastodemi, which, an will be remembered,

consisted at starting of only two layei-s, acquires a

third layer, which becomes interposed between the

other two. To the three layers f)f which the blas-

toderm is now compo.sed specLil names have been

given. The outer layer is termed the epiblast ; *

the middle layer is termed the mesoblast ; j the

lower layer Ls termed the hyjiobhist. \ As will be

seen, these names, however formidable they may
appear at fii-st sight, sim})ly signify respectively the

layer which is on top, the layer which is in the

middle, the layer which Ls underneath.

From the iipper layer

will be formed the outer

layer of the skin, with the

feathei-s, claws, kc, the

brain and s])inal cord, and

the piincipal pails of the

eyes, ears, and nostiils.

From the middle layer

will be formed the bones,

muscles, tendons, nerves,

true-skin, blood, blood-vessels, and the outer coats

of the giillet, stomach, and intestines. From the

lower layer will be formed the lining membrane of

the gullet, stomach and intestines, and of the lungs.

We see, therefore, that each layer has a definite

and distinct function to perform in the process of

development.

As soon as these three layers of the blastoderm

are established, a very important process takes

place, by which the embiyo becomes folded off

from the rest of the bla.stoderm. The manner Ln

which this is effected will be made clear by Fig. 5,

which is intended to represent a section taken in a

vertical direction from head to tail through the

future embryo. The pellucid area, which is at

first quite flat, soon becomes marked off from the

rest of the blastoderm by a groove, which is repre-

sented in section in the diagi-am, and is roughly in

the form of the letter S. This is known lus the

head-fold, and is speedily followed by the appear-

ance of a similar fold at the oi)posite .side of the

blastotlerm ; this latter is known as the tail-fold.

These two folds grow gnulually towards eacli other.

* Greek, ejii. ui)on; and bi<uto», germ.

t Greek, //««»«, luidiUe. ^ Greek, /i.'/;x>, under.
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Fig -The Head-folcL

the head-fold backwards, the tail-fold forwards, and

thus tend to divide the yolk

into two portions, as seen

> in Fig. 6. Lateiul folds

\ also grow inwards from

; each side. The upper sac,

/ which is something like an

inveited boat, is the em-

hrjonic sac, the lower is

the yolk-sac ; these two sacs

being connected by a gradu-

ally naiTowing stalk, the cavity of which speedily

becomes obliterated. The embryonic sac gi-ows at

the expense of the yolk-sac, the latter supplying

nutriment to the former ; and a day or two before

the chick is hatched the yolk-sac, which by this

time has become very small, is slipped into the body

g
of the embryo— that is, the

very young chick (Fig. 7).

While all this is going

-^ on, important changes are

' taking place in the pellucid

i
area itself. First there

Fig. 6.—Head and Tail Folds

(e) Embryo ; [y) Yolk-Sac.

appears a naiTow gi-oove

near its hinder (narrower)

end—this is the primitive

gi-oove (Fig. 8, ^jr). This

groove, however, soon dis-

appears, and serves no ap-

parent purpose. In front

of it another gi-oove, destined to be permanent, sub-

sequently appears—this is the medullary groove,

and by the side of it the blastoderm is raised up

into two folds, known as the medullary folds.

Immediately beneath the bottom of the gi'oove is

formed a small, flattened,

ellijitical rod, which is

known as the notochord.*

This forms the axis round

\ which the future segments

j
of the backbone will be de-

' veloped. The medullary

folds, rising up by the side

of the medullary gi'oove,

gradually bend overtowai'ds

each other, and, meeting

in the middle line, con-

vert the medullary groove

into a canal. In the front part of tliis canal,

which subsequently becomes closed at both ends,

is developed the brain, while in the hinder portion

the spinal man-ow is formed.

* Greek, noton, tlie back.

Fig. 7.—Disappearance of
Yolk-Sac.

(e) Embryo ; (.w) Yolk-Sac.

Fig. 8.—Primitive (pr) ana
Medullary {mg) Grooves.

Contemporaneously with these changes the blas-

toderm commences to gi'ow, and gradually extends

itself, immediately beneath

the yolk-membrane, o\er

the whole of the yolk.

This process, combined with

those just described, will

tend to produce a struc-

ture consisting of two

tubes— one formed fiom

the medullary groove in

the manner just described

the other formed by the

closing in of the blasto-

derm and the gradual dis-

appearance of the yolk-sac.

If, however, we consider

for a moment the structure of the body of the perfect

chick, we shall find that it consists of a single tube

in the region of the back, containing the brain and

spinal cord, and of a double tube below, foi*med by
the body-walls inclosing a second tube formed by

the digestive canal. If a cross-section of the body

of the chick be taken, the appearance will be that

shown in Fig. 9. Evidently, then, some further

change must take place in that jjortion of the

blastoderm which is to form the lower tube, as,

under present circumstances, it will form only a

single tube beneath the one developed from the

medullary groove. This further change consists

in the splitting

of the middle

layer into two,

the outer por-

tion uniting

with the epi-

blast, the inner

i:)ortion uniting

with the hy-

poblast. In
this way the

blastoderm is

made to consist of two leaves, which, by gradually

developing a space between them, become per-

fectly distinct from each other. The process by

which this is brought about is known as the

cleavage of tJte mesoblast. This cleavage com-

mences in the region of the back, at a little distance

on either side from the medullary groove, so that

on each side of the latter there remams a naiTOw

plate of the blastoderm which is not split. In the

same way the blastoderm in the region of the head

remains micleft. A reference to Figs. 10 and 11

Transverse Section of Body of Chick.

Oic) Xeural Canal ; (nc) Alimentary Canal; (!/u->

Body-Wall.



THE HISTORY OF A HEN'S EGG. 199

will make this dear. Fig. 10 repre.sents the em-

bryo cut across, showing the primitive groove,

notocliord,

and the points

where the

cleavage of

themesoblast
t ig. 10.—Tniusverse Section of Eml)ryo, rUowiuj;

Cleuvatre of Uio Mesoblust. C omm en c es.

Fig. 1 1 re-

pi-esents a section cut lengthwise through the axis

of the embryo.

^^'llen these two definite sheets of the blastoderm

are established, the latter continues to grow over

the yolk-sac and to be folded in as before ; but the

inner sheet is folded in more quickly than the

outer, consequently the space between the two
sheets gi-adually increases. The inner sheet will

eventually form the walls of the digestive tube, and
the outer sheet will form the body-walls ; conse-

quently the former is

known as the visceral

sheet, or splanchnopleure,*

while the latter is termed

the body-layer or somato-

pleure.f It will be clear

that the space between

these two layers will re-

present the space existing

Fig. ii.-Lonptudinai Section between the body-walls
of Embryo.^s^owinR^cieavage of ^nd the viscera in the per-

.«•! Emboo: lyl Yolk-Sao; (<tnp> So- feet chick (Y'\S. IIV
matoiilcnre; (ivp) Splanchnopleure. \ o /

We must now return to

the back or dorsal region of the embryo. It will be

remembered that on either side of the medullary

gi'oove the bhustoderm remains iinsplit for some little

dist<\nce. Consequently there is on each side of the

gioove a nai-iow plate of blastoderm diflering from

the rest. At an early period these plates, which are

temied the vertebral plates, become marked out into

ji number of small .square plots by the developuicut

of ti-ansvei-se jiartitions. These little squai-e plots

are the .so-called pi-otovertt^bru-,\ or first vertebra*,

and out of them will subsequently be formed the

segments, or "joints," of the backbone, together

with the roots of the spinal nenes and portions of

the muscles of the back, «fcc. The.se protovertebra;

extend backwards from the region of the embryo
which is to Ije the neck of the future chick, but

are never developed in the region of the head

(Fig. \-l).

All the processes which we have as yet de.scribed

(Jreek, Sp/anchna, entrails; and p/cura, side,

t Greek, soma, a body. J Greek, proton, first.

1-v—

are initiated during the fiiut day of incubation, and,

a.s will be seen, they result in the laying down, as

it were, of the general lines upon which the l)o<ly of

the chick is to Ix; constructed. It will, however,

be understood tliat all tlie.se changes go on more

or less contemporaneously fur, in most cases, the

whole of the period during which the chick remains

within the egg. There is

no necessity for us to trace

them farther, as it Ls ejisily

seen that if they are con-

tinned until complete they

will result in the j)roduc-

tion of a creature bearing

a general resemblance to a

fowl ; we shall, therefore,

devote the remainder of

this paper to a brief de-

scription of the manner in

which certain special organs

of the chick are developed.

One of the most obvious

requirements for the i)ro- ^ „„ „1
} Tig. 12.—The Protovertebrce.

duction of the perfect animal (Hi^jMeduimry (ircvc; un) i-roto-

is the development of the

limbs, for which, at present, we have seen no

provision made. These fii-st become distinctly

apparent, about the fourth day of incubation, as

small, flattened, conical buds, which project out-

wards from that portion of the blastodenn where

the cleavage of the mesoblast commences. The

front limbs or wings are the first to appear, and for

some time their development keeps in advance of

that of the hind limbs. About the tenth day both

limbs are, so far as mere shape is concerned, per-

fect, but are destitute of feathers and nails, which

do not ai)pear till the thirteenth day.

One of the most interesting features of the

development of the chick Ls the formation of the

heart and blood-ves.sels. It must l>e borne in

mind that at the close of the fii-st day the embryo

is nothing but a mass of cells which have all been

produced from the single cell of the ovum, as found

in the ovary of the hen ; at this stage, therefore,

the embryo chick is precisely eoinpanible with the

cellular embryo contained in the seed of a plant.

One of the most interesting and important lesults

of the study of embryology has been the tracing of

the formation of the various tissues of the body

from these purely c<>llular elements.

About the thirty-sixth hour of incubation there

appeai-s just beneath the region of the neck a small

mass of cells, which is the rudimentary heart. The
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cells are formed entii-ely from those of the middle

layer of the blastoderm, and are collected in the

space between the body-layer [Somatojjleure) and

the visceral layer (Splanchnopleure) of the embryo.

At first this mass of cells is solid, but it speedily

acquii-es the form of a hollow tnbe, containing a

small quantity of imperfectly formed blood. Con-

siderable doubt for a long time existed as to the

manner in which the rudimentary heaii; became

hollow, but it seems now to be certain that its

cavity is formed by the central cells of the mass

becoming liquefied and forming blood, while the

outer cells become gradually developed into its

muscular walls. Almost as soon as the heart is

thus laid down it begins to pulsate, slowly at first,

but with the increasing development of the walls

the pulsations soon become more regular and more

rapid.

To thoroughly understand the further steps in the

develoi:)ment of the heart, we must remind oui- hearers

of its structure in the perfect fowl. The heart con-

sists of a hollow muscular (fleshy) organ somewhat

in the shape of a blunt cone. Internally the heart

is divided into two halves by a muscular partition,

and these two halves are known respectively as the

right and left sides of the heart, and they do not in

any way directly communicate with each othei". Each

half of the heart is again divided into an upper and

a lower chamber, which communicate with each

other by an opening guarded with a valve so con-

structed as to allow of the blood passing from the

upper chamber to the lower, but not in the opposite

dii'ection. The heart of the fowl will thus be seen

to consist of four chambers, two upper and two

lower ; the former are the receiving chambers, and

are termed auricles, the latter are discharging

chambei^s, and are termed ventricles. Into the

auricles the blood is poin-ed by the great veins,

from the auricles it passes into the ventricles, and

from the ventricles into the arteries. The right

side of the heart receives blood which has been a^i

over the body and has become impoverished and

impure ; by the right ventricle this blood is driven

into the 2)'^l'nionary artery, which conveys it to the

lungs (pulmona, a lung). In the lungs the blood

becomes purified, and is returned from thence by

the four puhnonary veins to the left side of the

heart. Finally, from the left ventricle it is driven

into the large artery, the aorta, by the various

branches of wliich it is conveyed over the system

generally.

Having seen the structure of the heart and its

connection with the principal blood-vessels in the

fowl, let us return to the heart of the embryo,

which, it will be remembered, we left as a simple

tube. The first step in its further development is

the marking olf of the tube into three parts by

constrictions, as shown in Fig. 13. The lower part

will become the future auricles,

the middle part will form the

ventricles, while the uj^per

part will form the roots of

the gi'eat arteries (pulmonary

artery and aorta). As develop-

ment proceeds, the tube gets

bent, so that eventually the

ventricular portion comes to

occupy the lower position and

to be pointed towards the left

side of the embryo. At the

same time the auricular por-

tion is made to occupy the

upper part of the heart, cariy-

ing with it the great veins,

while the arterial portion occupies the front upper

aspect. These changes are shown in Fig. 14.

Meanwhile partitions ai'e developed in all three

portions of the heart, whereby the ventricular and

auricular portions are formed, each into two distinct

chambers, and the arterial jjortion into two distinct

vessels—the aorta and pulmonary artery. It is

Fig. 13.— Development of
the Heart of the Embryo.
(or) Arterial Bulb ; d') Ven-

tricle ; iau.) Auricle.

Fig. 14.—Final Changes (a b c) in the Heart of the Embryo.

(ar) Arterial Bulb ; (w) Ventricle ; (au) Auricle.

worthy of notice that the partition Ijetween the

auricles remains for some time incomplete, so that

before the chick is hatched there is a direct com-

munication between the right and left auricles. At

the time of hatching this opening is closed up.

The formation of the blood-vessels is brought

about, according to the observations of Messrs.

Foster and Balfour, in the following manner :—In

the middle layer of the blastoderm a number of

cells at diS'erent points are seen to send out long

"processes" (protuberances) which, uniting to-

gether, form a rudimentary network, the cells

answering to the knots of the network. These

cells speedily multiply by dividing, and eventually

the innermost cells become liquefied, and the outer
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cells are agfjregate<l together and modified, so as to

fonii the walls of the 1 )loo<l-ves.sels at these poiiits.

Ill the same way the " processes " between the cells

become modilie«l so iis to give rise to blood inside

and to the walls of the bloo<l-vessels on the ex-

terior. In this way that wonderful system of

blootl-vessels which permeates every i)art of tlie

.system is gi-a<lually develoi^ed

We have dwelt somewhat at length upon the

development of the blood-system, liecause it affords

one of the most jiei-fect and most easily compre-

hended instances of the formation of a series of

highly complex structures from simple cellular

elements. The development of the other organs of

the chick we can only briefly refer to. We have

ah-eatly seen that the gidlet, stomach, and intestines

(forming the so-called alimentary canal) are formed

by the folding in of the viscei-al leaf (Splanchno-

jdeure) of the blastoderai. As outgrowths of tliis

canal, are formed the liver and other glands con-

nected with digestion. Tlie lungs are also foimed

as outgrowths of the gullet, from which they sub-

.sequeutly become detached. Tlie brain and spinal

cord are fonned in the mediUlaiy canal, as already

statetl, from the epiblast, the nen-es being derived

maiidy from the mesoblast.

The eai- and eye ai-e formed pui-tly by the folding

inwards of the integument and partly by outgrowtlis

from the brain, while between these two elements

cells from the mesoblast ai-e inteii)osed.

We have here briefly summarised the principal

facts connected with and explanatory of the liLstoiy

of the hen's egg from its earliest fonnation to its

complete conversion into a perfect fowl, and our

readers will, we are sure, agree that it is a history

a.s interesting as it Ls wonderful. But, however

interesting it may be when considered merely as

an isolated instance of development, it gains ten-

fold in interest when we consider it in connection

with the rest of the animal world ; for it is one of

the greatest triumphs of modem science that it

has shown the development of the chick to be

the t^-ps of the development of all the higher

animals, including man himself. With some slight

modification of details, all that has been .said with

regard to the developmental history of the chick

would be equally true if applied to the development

of the human subject.

GEOWTH
Bv AXDKEW WlL

THE observant and thoughtful reader, who has

stood on a sea-l>each and watched the rippling

waves breaking upon the .shore and aiTanging the

shining sands in long-tlrawn-oiit lines of golden

hue, may perchance have allowed his thoughts to

wander from the fair scene before him, and to

<lwell upon some of those pha.ses of this world's

liistoiy in which sand and sea play no imimportant

part. Tlie history of sand-particles canned off by
the waves to farther depths of sea, there to be

worn (\o\m to still more minute bulk, and finally

to be added to the deposits of the sea-l)ed, con-

stitutes in reality a chajjter in the growth of the

world itself. From such deposits, torn from the

land and an-anged by the sea-waves, the rocks of

the past have )>een made, as the rocks of the future

are being fonned to-day. And coidd our imagina-

tion, aided by scientific bent, jncture the future

disjx)sal of the exi.sting matter of our earth, we
should l)e suii)rised to find how large a share of

tliis world's gi-owth dej)enils upm the continuous

work of such minor .'igencies as the brooks and rill.s
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of our land, or the " tojnng wavelets of a summer's

sea," From such a thought and from such a

special phase of geological study, which sees in the

waste of one world the elements which pi-ovide for

the growth of the next, our mind naturally turns

to the nature of giowth and increase in the universe

at large. Unconsciously to oui-selves, we picture

growth as a uni\ei-sal condition of the world in

which we live. Tlie dead or inorganic matter of

the world is even'where lieing added to, and no

less does the world of life exhibit a constant

inci-ea.se as its unvarying heritage. Life and

growth mean one and the .Siime thing ; they are, in

tnith, convertible terais. Tlie most familiar pliases

of animals and plants appear l>efoie our eyes as

the results of orderly increa.se ; and even the ex-

l^ectation of " .seed-time and hai-ve.st," the ho]»e of

a " golden i-eaping " after the gi-een blades of spring,

is but a simple assertion of the fact that gi-owth and

inci-ea.se are es.sential facts of life.

An instructive study may l>e said to lie before

us if we endeavour to discover the modes and
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fashions of growth which prevail iii the world at

large. In the contrast between the increase of the

lifeless world and that of the universe of life^ w^e

may light upon many facts of importance far

beyond that which attaches to a passing interest in

the subject of gi-owth itself. And our survey may
also tend to show us how beautifully correlated are

the forces and actions of nature as exhibited both

in the non-living world, and in the sphere of life

which that lifeless universe may be said wholly or

in gi-eater part to sustain.

The growth of non-living things differs very

materially frojn the increase of animals and plants.

Rocks, and dead or inorganic bodies at large, may
be said to grow in one chief fashion. They inci-ease

by the addition of new particles to their outside

surfaces. The fresh matters are deposited simply

on the outside of the old, and without any special

reference to the previously existing materials. A
rock gi'ows, in short, very much as a snow-ball

increases in size. The new particles of snow are

added, in the case of the snow-ball, to the outer

surface, and bear no relation to the matter of

which the snow-ball already consists. Now, this

process of outside growth is known as that of

accretion ; and, as we have jiist said, such a mode

of increase is characteristic of the inorganic or life-

less world at large. Rocks grow by the addition

of fresh particles which are deposited on the outside

of the already-formed materials ; and a similar

process may indeed be said to have marked the

growth of the universe itself, viewed as an indi-

vidual planet amongst the countless orbs that circle

through space.

But more exact and detailed observation of the

process of growth and increase in the world of

non-li\'ing matter, shows us some interesting and

curious features included in the work of "accre-

tion." There are some phases of growth in lifeless

bodies so marvellous, that at fii'st sight they might

seem to mimic the more intricate increase of . li^dng

beings. Such are the phenomena observed during

the crystallisation of fluids, when atom is added to

atom, and particle to particle, with a I'egularity

infinitely more exact than that which guides a

bricklayer in the adjustment of the elements of

his wall. A saturated solution of alum, or nitre,

or sugar, "wdll exhibit the wonderful phenomena of

crystallisation in their full glory. Under scientific

treatment, we see how the atoms of each substance

rush together to combine in crystals of special and un-

varying form in each case, and we note in this action

the influence of that i-eisfn of law which rules atoms

and worlds alike. To see a solution of sugar of

lead decomposed by the electric current, is a sight

at once ciu-ious and instructive. The lead-atoms,

liberated by the electric influence, build themselves

into crystals of wondrous beauty of form, and
mimic the graceful symmetry of plant-life with

marvellous exactitude. So astonishing is this

process of the building of this leaden vegetation,

that one is at first sight tempted to think of the

growth of a living being, and most naturally cf

the sudden growth and increase of some fairy plant.

But in Nature's own laborator}^ the process of crys-

tallisation, and the wonderful results of its action,

are as readily to be observed as in the chemist's

workshop. " Jack Frost's " decorative exertions

Fig. 1.—Snow Crystals.

on our window-panes j^resent us with an apt illus-

tration of the orderly arrangement of the atoms of

water to form the frost-crystals and the fairy ti-acery

of a winter night. Anil if we take the trouble to

look at the crystals of snow (Figs. 1 and 2), and mark
their elegant symmetry—arranged like rock-crystals

in sixes—we may find exquisite beauty of form and

mathematical regularity of outline exemplified in

the world's white drapery itself. Even the ice-

blocks can be shown to be built up by interlaced

crystals. For when a beam of the electric light is

sent through a block of ice, that substance melts

and undergoes liquefaction in its interior, beautiful

six-sided spaces or ice-flowers appearing around the

little shining points which soon exist everywhere

within the ice-block.

Wondrous and impressive as are these processes

of crystallisation, we must be cai-eful to note the
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exact faisliion in wliicli tlit> crystiUs grow. Like

the snow-ball, they are the proihicts of " acci-etion ;"

thev svow V>v the aildition of iit-w atoms to tlu-ir

^^^^^pi^^^li

p̂
Jk;t ,'#'..

II

-^^^^^^^ ^^^F^H

mm
'^\r^ m^msm:; \

Fi;;. 2.— Suow Crystals.

outside smfaces. A crystal of alum, of sugar, oi- of

siilt, inimersetl ejich in a solution of its own sub-

stance, will grow, in virtue of the laws and actions

by which it attracts the particles towards itself.

And although there is much that is curious and

eveiything that is wondei-ful in the process, it is

after all a purely mechanical action. There are no

limits to its extent ; the ci-yst;ii will be neither

>K'tt*;r nor woi-se for the additions made to it, save

in point of size. There is no active res|)onse made
by the ci-ystal itself to the atoms which it attracts,

just a.s these particles in their form e\'ince no

intimate relationship with, or intere.st in, one

crystal or another. And of the formation of larger

Ixnlies than ciy.stals the same remark holds good.

How, for example, have those curious lime-pillars

foiuid in limestone-caves, and named staUirtitfa and

iitalatiiiiitejt,\tet'\\ formed] These icicle-like pillai-s

of lime sometimes attain a very large size, and

may weigh many tons. Standing in one of the

larjjer limestone caves of the world, one mij,dit with

little stn-tching of ima'.,nna'. ion fancy that he stoo<l

in the aisle of some primitive cathedral, flanked by

nia-ssive rock piilar.s and columns of giant size.

That these cave-pillars must have " grown " is a

self-evident fact. Their very api)eanince is indi-

cative of gra<lual gi-owtli, and their lii-story may,

thei-efore, present us with a very typical exami)le

of how lifeless things gi-ow. Their source of origin

relates them to water charged with chalk {carbonate

of liiiie), which has been formed by the union of

the gas called carbonic acid (containe<l in the water)

with the lime (obtained from the rocks). Under-

ground, water and its dissolving powei-s are respon-

sible for the work of excavating limestone caves

themselves, and from the roofs of such caves water

is continually dropping. Tliis water, laden with

its chalk-atoms, trickles in drops from the cavern-

roof to its floor. Resting for a moment on the

iDof, each drop of water leaves attached thereto a

few particles of its limy burden, the water being

diminished by evaporation, and being therefore

unable to carry as much lime as before. Now, let

us multiply our water-tlrops by myriads, and the

period during which they drop by centuries,

and we shall find that in due time the stalac-

tite will come to depend from the cavem-roof,

formed thus by an action .so trifling when casually

viewed as hardly to merit attention, but seen to be

powerful almo.st beyond realisation when its ele-

ments are multiplied b\^ numbers, and its dvu'ation

by cycles of yeai"s. Xor is this all. A similar

process of evapoi-ation of jiart of the watei'-drops

takes place on the floor of the cave, and slowly,

but surely, built up thus particle by particle, the

stalagmite grows upwards towards the roof, as con-

versely the stalactite gi-ows downwaids towards the

floor. Whilst occasionally, the stalactite will unite

with the stalagmite to form a complete and ])erfect

limy pillar, obstinicting the cave from roof to floor.

Thus we see that the regular gro%\*th of these lime-

pillars, which as natural objects grow regularly

and, as a ride, symmetrically, is like the formation of

crystiils, a matter of outside increase or " accretion."

And the further lessons we may derive from the

study of such productions, may be recapitulated

and summetl up in the remarks— fii"st, that the

process is a purely mechanical one ; .secondly, that

the object which grows oris being fonned evinces no

.sympathy or interest in its incresvse ; and thirdly,

that the continuance of the process of increase, or

its stoppage, would be attended with no disastrous

results to the lifele.ss thing—crystal or stalactite,

a.s the ca.se may be—save, indeed, as protlucing a

mere difference in size or form.

The consideration, even cjusually, of tlie common
history and everv-day life of animals and phmts
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reveals, on the othei* hand, a widely ditferent state

of affaii's. Indeed, the process of increase in a living

being is opposed, in a very striking fashion, to that

we have jnst noted as occurring in the world of non-

living matter. Let us endeavour briefly to trace

the processes by means of which animal and plant

respectively attain their full development, and we
may learn how characteristic and varied are the

laws and powers which rule the inci-ease of the

world of life. Selecting the seed of a pea or bean as

typical of the ordinary course of plant-growth, we
speedily discover that it is the seat of powers of

veiy ditfei'ent character from those which hold sway

amongst the crystals and ice-atoms. Split the pea

or bean lengthwise (Fig. 3 b), and you find it to be

Fig. 3.—Bean; (a) Embryo with Seed-eoat removed; (b) Embryo
minus one Cotyledon.

(a) Point of Separation of Cotyledon.

made up of two bodies, named cotyledons, or seed-

leaves (c), which are, however, unlike " leaves " in the

present instance, and which appear simply as two

fleshy lobes, containing material for the nutrition

of the young plant. The embryo, or young plant

itself, exists as a little projection towards the con-

cave side of the bean, and we may distinguish

even now the first beofinning of a root in the little

Fig. 4—Haricot Bean Gennmatmg. (First Effort )

radicle (r), and the first traces of a stem in the

little plmnvle (p). Kept above gi'ound (Fig. 4),

the seed exhibits no traces of vitality. It has
no tendency to attract matter towards itself, save

under certain conditions—these latter being its

insertion in the ground, and the presence of hieat

and moisture. Soon after its insertion in the

ground, we note the development of active-

powers, which result in the bursting forth of the

little stem, and in the downward growth of the

root. Time passes, and leaves appear (Figs. 5 and

6) ;
growth is active in every part of the new

plant, and its full fruition is marked at last by
the crowning glories and successive stages of flower,,

fruit, and seed ; so that

we return with the seed

to the point at which

our observation of the

plant began.

The course of ordinary

plant-history, however,

has no special attraction

for us at present. Our
inquiry dii-ects us rather

to the query. How have

the results of that liis-

torybeen attained] How
does the plant provide

for its gi'owth 1 How are ^P
bud and blossom, leaf i:

and flower, fruit and |

seed, produced and g
evolved, as the results 3
of gi'owth and increase 1

The replies to these

questions will serve in-

stinctively to show us the wide gaps which separate

the living from the lifeless world. It requires no

exercise of thought to perceive that the mode of

growth of the pea or bean is certainly not that of

the crystal or the stalactite, which themselves are

but types of all lifeless things. The crystal in-

creased by additions to its outside surfaces, and

the frost-ferns on the window increased likewise

by external gro"\vth, and by mere accretion. There

was no growth or expansion of one

crystal into many, nor of one ice-particle

into a frost-fern. In the plant, on the

other hand, we saw that the " seed " con-

taining the " embryo," or young plant, by

i-^J—- a process of development, produced the
"" " new being. The crystal grew by mere

addition; but in the plant there was seen_

the production and evolution of new and varied

organs from parts and structures which were at

fii'st of similar natui-e. Internal develojmient, and

not oiitside addition, is clearly the law of living

growth. The crystal can only extend its OTvai form

by the most mechanical of processes. The living

being produces, by complicated processes, organs-

Fig. 5.—Haricot Bean Germinat-
ing. {Eiii.hri;o hurdimj through.)
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and pai-ts of which the seed, or germ, gave no

api>aient proaiise. It is thus observed that the

living plant and its germ aiv the seats of i)o\vei-s

and acts which are utterly unrepresented in the

world of non-living matter.

Nor iloes tlie growth of a jilant differ from that

of a crystal only in these tletails. The outside

gi-ow th of the cn-stal, or stalactite, Ls not merely

opposed by the inside growth of the living being, as

we have seen, but the matter upon which the living

being subsists is unlike itself. 1'he crystal of alum

Fivr. C.—Germination of the Haricot Bean.

or sugar will only giow if placed in an alum and

sugar-solution respectively. The saying that " like

draws to like " is really and literally true of the

giowtli of non-living nature. But the young plant

in its earliest phases of development, and from the

moment when its primitive rootlets extend do^^^a-

wards into the soil, takes to itself from the outer

world matter that is unlike itself. If we obtain an

analysis of our plant, the chemist will inform us that

it is a highly complex body. It contsvins starches

ami sugai-s and fats, and many other matters, which

as such are not to be found in the soil into which

its roots i)enetrdted, or in the air into "which its

stem grew. From the soil it obtained water and

mineral matters, the air supplied it with carbonic-

acid gius, and the soil and aii' together gave it

ammonia. Upon these substances, and under the

genial influence of tin' sun's light and heat, the plant

grew, and transforme<l its ''footl"—as we term

the matter drawn from the outer world—into the

complex sugars, fats, &c., of which itw body wjts

composed. Here there lavs therefore been ]M'r-

formetl an action of which not the slightest traces

are discernible in the increase of the crystal. The

j)lant has tsiken matter unlike itself from the outer

world, and it has further, by the exerci.se of it.s

vitjd chemistry, transfonnetl this matter into the

sub.stances of which its body is compo.sed.

Nor should we tind the story of the animal and

itsgrow^th to be le.ss remarkable than the history of

the plant. The animal grows from its egg, as did

the plant from its germ, by the absorption from the

outer world of " food," that is, of matter unlike

itself. By the exercise of the ])owers with which

life has invested it, the animal is capable not oidy

of appropriating such matter, but of converting it,

like the plant, into the substances of which we
know the animal frame to consist. And thus both

animal and plant grow by a process the exact oppo-

site of " accretion," and which we name intus-

susception—the receiving of matter wit/iiu the body.

Nor must we neglect to add to this primary differ-

ence between living and non-living increase, another

which calls upon us to remark that the matter

added to crystal, or stalactite, is unaltered in cha-

racter, and is usually of a similar nature to that of

which the non-living body is composed. Sugar part-

icles are added to sugar particles in the work of

crystallising that substance, like being added to

Uke ; and even if substances of a foreign nature be

added to a living body, the occuirence is ])urely

accidental, and tells neither for nor against its

growth. Within the animal or plant body, on the

contrary, there is a process of conversion of the

matter drawn from the outer wox-ld into its own
tissues. The living being transforms the matter

upon which it exists. Hence we recognise in the

word (issimilatioii—the " making like "—the true

expression of the work of the living being in

building up its frame from varied matter. Very

wonderfid is it to reflect upon the material sources

whence the beauty, si)lendour, grace, and harmony

of living nature have been derived. The fragrant

flower and gorgeous blos.som—leaf and j>etal alike

—

simply represent the ti-ansformed materials uim)u

which the plant fed ; and the plant itself is merely

so much matter derived from the outer world, and

elevated, by the magic power of vital action, from

the inorganic univei-se to the world of life.

Such are some of the most apparent distinctions

between gi-owth and increa.se in a living body and

in a lifeless object. Yet another consitleration of

impoi-tance remains in the teachings of physiology
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regarding the growth of a living being in its in-

timate, or minute, parts. The crystal is unquestion-

ably formed according to laws which preserve a

definite symmetry and shajie. The stalactite, or

rock, on the other hand, may grow in diverse

fashions as to form or configuration, and the new

matter may be added to such inorganic objects

either symmetrically or the reverse. If the water-

drops fall upon one side of a stalactite, or are other-

wise made to add to its bulk in an unequal manner,

the result will be an imsymmetrical figure ; but

this result cannot be said to afiect the nature of

the stalactite, which is just as typical even if it be

lop-sided as when it is symmetrical. Opposed to

such thoughts regarding the mechanical additions

to the outside surfaces of inorganic, or lifeless,

objects, "we find in animals and plants certain very

marked and different phases of growth. The living

being grows in all in its parts, and gi-ows symmetri-

cally, under normal conditions. This intimate and

well-regulated increase of every organ and tissue

of the most minute parts, forms one of the most

striking features of life at large. The body of an

animal or plant literally gi'ows through the gi-owth

of its most minute elements. Physiology reveals a

wondrous tale when we inquire into the manner in

which growth and nutrition are performed in living

beings. Each tissue is seen to be composed of

minute cells, or of fibres which were formed origin-

ally from " cells." To these microscopic elements

the nutritive fluid—blood or sap—is duly conveyed.

Each tissue has the power of taking from tliis com-

mon fluid the elements necessaiy for its growth and

increase ; and the cells and tissues of living bodies

thus appear like varied buyers of raw material in a

common market, whence this raw material is con-

veyed, and elaborated thereafter into equally varied

fonns of manufactured products. Thus it is that

from the sap the young leaf-cells manufacture new

cells, and in due time develop the leaf Thus from

the same sap the early tissues of the flower will

form an entirely different structure, and produce

the blossoms with all their richness of hue and

varied structures, organs, and parts. ThvTS, too,

stem and root, and every other part of the plant,

increase and gi'ow through the manufacture, by the

minute elements of the tissues, of other elements

like themselves. And so in the world of animal

existence. There exists in the animal body a similar

process of growth by littles. From one and the

same blood, nerve-cells and nerve-fibres make new

nerve-tissue ; from the blood, bone reproduces bone
;

and each and every tissue adds to its extent in like

fashion. Growth in a living being is, therefore, not

merely internal, but is also a process affecting the

most minute elements of the living frame. And no

part of the puzzle of life can' be said to present

greater difficulties in the way of exact comprehension

than that which concerns itself with the " how " and
" why " of those actions and laws, in virtue of

which the increase of our frames, throughout the

most minute portions of theu" extent, is so marvel-

lously regulated and so harmoniously controlled.

The subject of " growth " would be incomplete

were we to close this paper Avithout reference to

certain unusual fashions in which, as observed in

the animal world, growth may be performed. In

both groups of living beings the minute " cells

"

already alluded to determine by their manner of

increase that of the animal or plant as a whole.

But studied generally, and especially in lower

animal life, certain forms of gi'owth and increase,

altogether exceptional in the ideas of popular

zoology, are to be noted. Thus we may note that

the pi'oduction of new beings in certain animalcules

(such as the Infusorians found in stagnant water

and elsewhere) may be effected through a simple

process of actual division of one body to form

two. It is a perfectly common occuiTence for an

infusorian to divide either crosswise or lenijthwise

Fig. 7.—Propagation of Infusorian by Spontaneous DMslon.

(A, B) the Adult; (c) the .Same in Course of Separation ; (D) the Sameafter
Division.

(Fig. 7) into two individuals, which, by a subsequent

process of ordinary gi'owth, attain the size and rank

of adult beings. Artificial modes of growth and re-

production, so to speak, may be experimentally

practised on some animals, such as the h>jdr(B and sea-

anemones. The HydrcK, or " fresh-water polypes,"

—

whose history will be treated at length in a future

paper—are little animals, foimd attached to water-

weeds, possessing a siin})le tubular body, terminating
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ill a mouth ami tentacles at the fi-ee extremity. The

average length of a hydni is about a quarter of an

inch. As Treiubley, of Cieneva, .showed about

the middle of last century, a hydm may be cut

cro.sswi.se or lengthwise, when each half or ])ortion

will grow to be a ])erfect little polype. Trembley's

Fig. 8.—Sea-Anemouei.

ovm words, refen-ing to one experiment of this

kind, are :
" I put the two parts [of the cut hydra]

into a flat gla.ss which contained water four or five

lines in depth, and in such a manner that each

portion of the polyi>e could l>e easily observed

through a strong magnifying-glass. It will suffice

to sjiy that I had cut the polyj^e transvei*sely, and

a little nearer to the anterior. On the morning of

the day after having cut the polype, it .seemed to

me that on the edges of the second part, which had

neither head nor anns, three small points were

issuing from these edges. . . . Next day, they

were sutficiently develojied to leave no doubt

on my mind that they w. :, true arras. The fol-

lowing day two new arms made their appearance,

and some days after, a third appeared, and I could

now trace no difference between the first and second

half of the polype which I had cut." Here there

would .seem to be litei-ally no limit to the artificial

growth and production of new animals. Similarly,

in sea-anemones (Fig. 8), as the writer has exi>eri-

mentidly .satisfied himself, the proce.ss of artificial

section and division may l^e carried out much as in

hydra', and with eqiially fertile results. But this

pr(jces.s of Jinsioii, cleavaye, or division of the body

may proceed naturally in some animals, such as

corals, where it results in the production from one

coral j)olype of two or even more new individuals.

Not less remarkable in the animal world is the

occurrence of a veritable process of growth by

bidldiiKj, of as true and ty[)ical kind as is witnessed

in the i)lant world. In the corals we see this

j)rocess exemplified in the production of new buds

from the alieady formed parts and animals. Ajid

the proce.ss of budding is even better illustrated by

the zoophytes, to whose exact jK-i-sonal history we
may return on another occa.sion.

A zoophyte possesses a root, stem, and branches,

and even leaves are repre.sented by the little bodies

one can perceive to be borne on the branching

parts. Such an organism jierfectly mimics a

marine plant—as such, indeed, it is gathered by

the non-zoological observer who collects the com-

mon objects of the shore in his holiday stroll.

Watch such an organism as tliis zoophyte in

life, and you will behold a wondrous spectacle.

The branches are studded with little animals, each

possessing a mouth and tentacles, and each connected

with its ueighboui*s, and forming a unit in this re-

markable colony of lower life. Through the hollow

stem and branches the vital fluids continually flow

;

and, as each little member of the colony aids in

elaborating the supply of fluid from which it draws

its o^\Tl meed of support, an unselfish principle ot

co-operation is seen to be most admirably repre-

sented in the miniature society before us. Interest-

ing as is the histoiy of the zoophyte, we may
concern ourselves at present with but one feature

in its biogi-aphy, and inquire how its growth is

carried out. Like the leaves of the tree, the

animal buds of the zoophyte undergo continual

degeneration. They wither and fall by a process

of natuial decay as do the leaves of plants ; but,

curious to tell, new membere of the colony are duly

budded forth to supply the place of the lost mem-
bei-s, and the animal form thus repairs the ravages

of death in similar fashion to its plant neighbour.

Nor is this all. The zoophyte became the curious

colonial and compound organism you behold

through the same process of budding which enables

it to hold its own in the strusrjjle for existence.

Liberated from an egg produced by a previously-

existing zoophyte, the little free-swimming animal

settled down, rooted and attached itself, and deve-

loi»ed a single little organism. Soon this fii-st Ijeing,

by a process of budding, gave origin to another like

itself, the two remaining connect-ed together in closest

imion ; other buds were in due coui-se raj)idly pro-

duced by these primary forms ; and, through this

proce.ss of continuous budding, the compound plant-

like colony was e.stablished. So strikingly similai'

is the animal to the ))laut in such a case.
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We thus observe that the gi-owth of the animal

may in some cases be cairied out in fashions allied

to those in which plant-life repairs the loss of its

parts, and renews its form. One concluding

thought concerning gi-owth may be fitly mentioned

in connection with the relations of growth to the

general decay and termination of li\dng existence.

The natural and unending continuance of the world

of non-living matter, is a fixed obsen^ation which

follows the contemplation of the comparatively un-

changed and unaltering existence of inorganic

objects. The rock or boulder crystal, or stalactite,

viewed as to its existence, is dependent solely on

o\itward conditions for the diu-ation of that

existence, and receives the measure of its span from

the forces of the world without. Veiy different is

the tenure upon which the existence of liAong beings

is founded and held. The duration of life is based

upon the internal constitution and inherited nature

of the living being, and the span of its existence is

measured, in ordinaiy circumstances, by laws

written for its guidance in the history of its race.

Hence, physiology teaches us to view the death of

an animal or plant as the most natural result of its

existence, and as a phase of life as primary as the

fact of existence itself. The duration of li£e is as

surely written for each species or race as are the

laws of its growth ; and in truth gi'OA\-th and decay

may be said to bear the closest possible relation to

each other. The tooth, which, after a normal

period of gi'owth, has its roots undergoing absorp-

tion and degeneration, and which finally falls from

its socket, obeys the laws of its life, and has its

gro^\"th beautifully correlated with the normal

period of its existence, and with the time of its

decay.

And what is tiaie of one organ or tissue is true

of the entire animal and plant frame. Such a

thought of the coiTelation of life and gi-o^-th with

extinction and decay, fonns a consoling idea when
viewed with regard to the measure of human life

itself. Since we perceive that the end of existence,

di-eaded and feared as a part of the unknown and

unknowable in nature, is as wisely ordered and as

perfectly adapted to the facts of life as are any of the

other phases of which our existence is composed.

THE MAGIC LAJ^ERN.
By John Thomson, F.E.G.S., Author of "Through Cyprus with the Camera," etc.

MOST of om" readers are familiar with the Magic

Lantern of boyhood's days, an insti-ument as

simple as it was cheap, and whose grotesquely-

painted slides enlivened many a winter's night.

This optical toy, like a host of others with which

we are acquainted, has developed into a form so

complex, and thoroughly scientific in the uses to

Avhich it is applied, as to be hardly recognisable.

Before proceeding, however, to give an account

of the various improvements effected in the con-

struction of the lantern, and of the mode in which

it has been fitted for its noble functions, let us

glance at the instrument in its primitive form. It

is thus disposed of in a Dictionaiy of Science com-

piled some forty years ago. " An optical instrument

by means of which small figures, painted with trans-

parent varnish on slides of glass, are represented

on a wall or screen considerably magnified. It

is generally used as a toy, and afibrds amusement

from the gi-otesque character of the figures." The

author goes on to say that it is also employed to

enlarge diagi-ams used in Astronomical lectures so

as to be seen by an audience. This then was the

fii'st scientific use to which the lantern was applied

;

but the commencement of a new era in its history

is coeval with the discovery of photography.

At the time when Daguen-e and Talbot were in-

dependently solving the problem of how to fix the

photogi'ajihic image, the instruments at their dis-

I^osal were rudely constructed, and ill adapted for

the requii'ements of the new art. As soon as

photography had become an accomplished fact, a

host of eminent men entered the field of research.

The fruits of their labours appeared in a store of

imjiroved cameras, lenses, and lanterns.

As the history of the photogi-aphic camera and

magic lantern run in pai-aUel lines, we cannot

divorce the two instruments. The object-glasses

are, or ought to be, similar in both, in so far, at

least, as their properties are concerned.

The toy lantei-n in its general an-angement has

undergone no change. Its various pai-ts have only

been modified and perfected in the best instruments.

In its earliest form it had a dark tin casing, and

a chimney, an inner light, a condensing-lens, a re-

flector, a stage, and an object-gla.ss (Fig. 1).
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Fig. 1.—Simple Fonn of ^fa -ic

Luuteru.

Tliere is an oil-laiup, or argand burner within tho

clo-secl lantern b ; m i.s a concave miiTor to throw the

liirlit 11 I .
. ,| 1 isi J ! ii> (; thence the light is

passod through the

I .(iidt'user and coii-

c iitratt'd upon the

('^\'ct to be magni-

li.d. s is the stage

\.!iich supports the

; 1 •", and I' the tul)e

c- lutainiiig the object-

L;liiss by which the

image is thrown tipou

t'lc screen. In order

t ) arrive at a cleai-

undei-standing of the

subject, it is necessaiy to explain what is meant

by a lens. A lens is simply a magnifying or a

diminishing glass—magnifying when one or both

sides are convex, and diminishing when one or

both sides are concave. The tii-st causes rays of

light, from a distant source, such as the sun, to con-

verge to a point or " focus " when they pass through

it, and the second causes rays to diverge. On the

same principle convex lenses produce images of

objects placed before them in their " foci," enlarged

or diminished according to the relative distances

from each other of the lens, the object, and the screen

ujx)n which the image is thrown. The magic

lantern is so aiTanged as to enlarge transparencies

placed in its stsige. But the simple convex, or

plano-convex lenses first used in the lantern and in

photography were ill suited for their task. They

had defects known as spherical and chromatic aber-

ration, which so marred the images when magnified

as to render them useless for the purposes of

science.

When photographic transparencies were sul)-

stituted for rudely painted slides, object-glasses

" achromatLsed " were applied to the lantern. These

were so constructed as to magnify objects to an

indefinite degree, and at the same time to disclose

charming details in the photographic transparency

such as could not be detected by the naked eye.

One of the finest early examples of this beautiful

a|>])lication of photography was sho\vn in Professor

J'i-.izzi Smyth's photogi-aphs of the Pyramids. The
original pictures were taken on a uniform scale of

one inch scpiare. Out of one of the.se a section of

one-oij<hth of an inch was selected and enlarged in

the camera, so as to form a slide for a lantern. Tho
)>iotiire was nothing more than a patch of desert

sand ; but when magnifietl bv the lantern the gi-ains

75

of sand became fragments of rock mingled with

shells of marvellous mould, and of divei-se forms.

Here then was a revelation of the educational power

of this mmlest toy, the lantern, which has since

borne fruit in ways almost incredible.

We will now proceed to di.scuss at greater length

some of the most noteworthy improvements in the

construction of the lantern.

First we will consider the light, as it is the chief

factor in all (juestions relating to the magic lantern.

The days of the oil-lamp appeared to be numbered

after the introduction of coal gas, but this primitive

illuminator has been so modified as to find favour in

our own time. Half a century ago the argand

lam]), with its glass chimney, was u.sed in the best

lanterns, and when skilfully managed yielded results

as satisfactory as could be obtained by coal gas.

Quite i-ecently a modification of the oil-lamp hiis

been introduced in what is knowai as the scioi)ticon,or

photogenic lantern. The light is produced by a new
burner requiring no glass chimney. In its most

recent form the biu-ner a (Fig. 2) is supplied with a

Fig. 2.—Wick Arraugemeut iu Sciopticon Lamp.

triple ai-rangement of wicks, each wick ha\'ing a

rack and pinion adjustment connected with the

milled heads at B.

Rock-crystal oil is used, and the flame pro-

duced far exceeds in uniformity and brilliancy

the light obtained by the argand burner. But

the advantages confeired by this form of instru-

ment do not end with the lamp ; and we may a.s

well mention its properties before entering upon

the subject of the oxy-hydrogen light.

Tliis little instrument, which figures in cata-

logues imder a number of difterent names, consists

entirely of thin wrought iron, and is so admirably

j)lanned for ventilation that it is not lialdo to

get over-heated. It is desimeil also for extreme
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portability. Tlie chimney may be removed and

the whole packed into a small case. ThLs is the

best form of lantern now in use for small rooms,

where a brilliant picture is required not exceeding

six feet in diameter.

Tlie gi-eatest advance in the illuminating jx)wer

of the lantern was obtainetl by the adoption of the

oxy-liydrogen or lime-liglit.

In 1S2G, Lieutenant Drurnmond partially suc-

ceeded in establishing this as a light of the first

order. But the old system had many defects

which have been done away with. Among
these was the tendency of the lime cy'inder to

crack and moulder away under the intense

heat produced by the combu-stion of the two

gases, oxygen and hydrogen. Tliis rendered

the light fitful and uncertain. Then, again,

the gasometers were huge and unwieldy, and

could not be easily carried about. The para-

phernalia, indeed, used by one of the first lime-

light lantern exhibitoi-s had to be transported from

town to tovm in a specially-constructed van, so

that the lecturer, with his belongings, looked as

much a wandering showman as a man of science.

One of the earliest foi-ms of the oxy-hydrogen

jet applied to the lantern was made 'WT.th a Bunsen

burner, which served the double purpose of heat-

ing the lime to prevent cracking, and supplying

hydrogen—let us say rather coal gas, or car-

buretted hydrogen, which answered the purjiose

and ultimately replaced the purer gas. The jet is

Fit 3.—Early Form of Oxy-Hydrosen Jet.

1-epresented in Fig. .3. a and B are two scpai-ate

tubes, the one supplying oxygen and the other

hydrogen gas.

The o.xygen tube is carried to the to[) of tlie

Bun.sen burner c, while the hydrogen passes into

the Bunsen tube. This tube is provided at d with

a sliding shutter, by which the current of air may
be excluded when the jet is in action. An upright

rod, sliding between the gas-tubes, and wliich may

be fixed at any point by the screw g, supports

the lime-holder E. This lime-holder is simply an
iron rod, to which is imparted a univei-sal motion,

in order that the lime-flisc may he so adjusted as

to receive the mingled gases at the point of com-

bustion.

This form of jet has been supei*seded by a vai^ety

of others, from which the Bunsen burner has dis-

appeared. Of these Fig. 4 is one of the most

modern. It has two interchangeable jets (a and b).

Later Form of Osy-Hydrogen Jet.

In the one the gases mingle at the nozzle just

before ignition, Avhile in the other they are mixed

in the chamber beneath the jet. The gi'eatest

illuminating power is obtained by the use of the

jet B, but it can only be employed with safety

when both gases are inider equal pras.sure.

In the lime-light lantern there is no reflector ; the

luminous rays ai-e taken up by the condensing-lens

and concentrated upon the slide.

"We now come to consider the optical piinciple

iipon which the magic lantern is constracted. After

the light, which is of primary importance, follows

the combination of lenses by which the light is

utilised. These are the condenser and the object-

glass, or "objective."

The condenser is made up of a combination of

two, thi'ee, or even four lenses, set in a tube facing

the light, and so devised as to be free from spherical

and chromatic aberration. At the same time the

aiTangement, in its best form, takes up a wide

angle of light. This arrangement, as its name
im2)lies, is used to collect and condense the rays of

light upon the transparency in the

lantern. The condenser most com-

monly in use has two lenses (Fig.

;), A and b). a is in form douVjle

cornex, while b is meniscus, having

its concave side set next the light.

But the comljination which concen-

trates the gi-eatest amount of light

includes an additional plano-convex lens. This

lens (d. Fig. 6), placed clo.se to the light e,

collects a wider angle of rays than that taken up

by B (Fig. 5), and consequently yields a larger and

Fig. 5.—Two-Lens
Condenser.
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X)H

,'. «>.—Condenser with Plano-
coDTex Lens.

more luminous disc on the scrt'Cn- It greatly

<.lei»eiuls, however, on the «|uality of the " uiijective"

whether the light thus

concentrated is turned

to gooti account in the

exhiV)ition of lantern

slides. Of the two sets

of leu.ses employed in

the hinteiTi, the object-

ive is the most inipoit-

unt in its .scientilic functions. The condenser is

used simply to collect and transmit the luminous

rays, whereas the objective forms an enlarged

iuiiige of the object phiced in the lantern. Some-

thing has already been said about the image-

forming in-operty of the convex lens. Tliis image

is always inverted relatively to the [losition of the

•object, and its magnitude Ls to that of the object as

its dist<ince from the lens is to the distiince of

the object fi-om the lens. This will be better

iinderstood by reference to Fig. 7. a B is an object

Fig-. ".—ninstrating Formation of Image as to Position and Size.

placed before a convex lens c D, every point of

wliich .sends forth rays in every direction. Tliese

i-.iys ai-e so concentrated in tlie lantern as to fall

u|»on the lens c D (wliich we shall assume to be

the objective), and are refracted to foci beyond the

lens. Tliese are at such a distance from the lens as

may l)e determined by certain mathematical rules,

which take into account the refracting power of

the ghus-s. Tlie focus, where any point of tlie

object is represented in its image, lies in the line

<lniwn from that \}oint to the object through the

centre (u) of the lens. F will represent the up]>ei-

•end (a), and F. the lower end (b), of tlie object a b.

In this way the image of an object may be

forme<l at any distance Ijeyond the lens, and on

any scale of magnitude we plciuse. But in order

to render the image available for the i)urj>oses of

the lantern, its magnitude must \k' limited to suit

the inten.sity of the light by which the image is

produced. In other words, it is po.ssible to obtain

an iiiijige of great uuignitude by rays refracted far

beyond the lens, but the light would be so did'used

and enfeebled as to render the image almost in-

visible.

It is obvious, therefore, that an image of gi-eat

magnitude can only )je olttained Viy the aid of an

intensely brilliant light, and of such leu-ses only as

are fitted for the collection and trausmLs.sien of the

greatest number of luminous rays.

In the len.ses of this part of the instiiiment the

objective combination should be even moit; care-

fully achromati.sed than those of the condenser, for

this reason : an imjierfectly con-ected objective

will curve and distort tlie lines in architecture, or

protluce an imige jierfect and distinct in the centre,

and blurred towards the etlges of the tield.

It is generally conceded by experts that the

achromatic combination employed in photogr<ii»hic

l>ortraiture may be used for the lantern with the

greatest success, provided the focus is .short, and

the lenses of the best quality.

The •' dis.solving view " Ls hedged round with a

charming mystery whidi it is almost a pity to

dispel ; but, as faithful chroniclei-s, we are bound

to unfold the secret of this choice ojitical illu.sion.

Dissolving may be eflected in a variety of ditl'eient

ways. Of tlie.se, the most simple consists in having

twin lanterns, one set alH)ve the other, as in the

bi-unial apparatus, or placed on a plinth side by

side, as in Fig. 8. "Dissolving" is etiected in this

Tin. 8.—Twin Luntcnis for DisaoWing Views.

instance by the horizontal movement of the two

combs A A ; the light being supplied ivom oil-lam})S.
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Ill the bi-imial form the lime-light takes the place

of oil, and dissolving is managed by alternately

turning oflf and on the gas of one or other of the

burners. By this means two most important ends

are served. In the fii^st place, the gas is economised,

and, in the second, new pictures are made to grow

out of the old by imperceptible degi-ees, until the

series has come to a close.

Figure 9 sets before us the bi-unial lantern,

iig. 9.—Bi unial Lantern.

whose form must be familiar to our readers. It

has figured in many a school-room, an angular

mysteiy, manij^ulated by a maze of screws and

milled heads, and accompanied by a pair of enor-

mous dropsical-looking bags placed under hea^vy

pressiu-e. At the risk of losing some amiable

readers in the maze of screws, pipes, and levers, we
are in duty bound to state that they are all there

for some useful end, and to describe theii- functions.

Those at a and b are i-equired to adjust the stages

and the two luminous discs, so that tliey fall into

the same sjiace on the screen ; c c are both em-

{)loyed for fixing the base of the instrument to its

stand ; d d are milled heads, each cai-rying a

pinion fitted to racks let into the tubes, and by

which the lenses ai'e moved to and fro when
focussing the imaore on the screen.

The l^ody of the lantern is composed of polished

mahogany, lined inside with thin plates of iron,

while the twin stages in front are fashioned oiit of

brass plates, and furnished with springs ; these

springs lend stability to the slides when placed in

the lantern ; they also press the slides against a

plain surface pi'ovided for uniformity in focussing.

By disuniting the parts of this instiiiment, the

chimney E and the apparatus in front may be re-

Aersed, and securely stowed within

the body of the lantern, so as to

sa^e space in travelling.

There is yet a more complex

form of magic lantern, fitted with a

triple front, recalling a section of an

old "three-decker." When the lenses

1' are run out for action, few lanterns

will compare with it in a popular

entertainment. It mimics storms at

sea and on laud, with falling rain,

floating clouds, and flashing lightning.

It countei'feits sunset and sunrise,

kindles cities into a conflagi-ation,

or buries them in the wreck of an

earthquake or avalanche. In the

hands of an accomplished manipu-

lator, its resources ai'e as manifold

as they are wonderfid—wonderful,

when we come to examine the

sim})le materials with which a lantern

earthquake is produced. All that

is necessary is three or four slides of

the same subject in difl^erent stages

of action, the one made to replace

the other on the screen in succession

so rapid, that the eflect is as com-

plete as it is realistic. It has happened that some

of the younger members of an audience gazing on

this illusion have cluna; to their seats, lest they too

Fig. 10.—The Keevil Lantern.

shoidd be included in the general overthrow. This

tri])le-lens instrument is known as the Bridgeman

lantern.
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Anotlier form of dissolviiij^ apparatus Ls the

*' Keevil patent." Tliis consists of a single jet

lantern, to which are fittetl a double set of lenses at

right angles to each other (a, b). The objective of

one of these carries an achroniatlsed

prism, so luljusted as to project a

second pictui*e on the screen in the

same i)osition as the tirst. c c

(Fig. 10) i-epivsents the shades

employeil in dissolving. The Rev.

Canon Beechy exhibited a triple

lantern constructed on this prin-

ciple some thii-ty years ago. To

him, theiefore, we are indebted

for the di.sLovery. Fig. 1 1 intro-

duces to public notice for the tii-st

time a hinteni designed by the

author for his own use. It j)0ssesses

certain advantages, and is .specially

adapted for lectures where the

subjects follow each other in an

unbroken series. Mistakes arising

from the insertion of a wrong slide,

or an inverted subject, are apt to

mar an evening's entertainment.

But, as will 1^ shown, eiTors of this

nature are altogether avoided, and,

by a simple mechanical arrange-

ment, the slides present themselves

in perfect order, and at their

allotted times.

The instniment is fixed to the

top of the packing-case B by the

screws A a ; the Ud of the case (t)

serves to elevate or depress the

lantern, which may be fixed in

portion at any angle. Reared

above the chimney are two metal

uprights, .secured to the sides of

the lantern. Tliese carry at theii-

aj)ex a wooden cube covered with

fine leather ; eacli side of this culje

coiTesiHinds with the size of the

slides. But, by the aid of strong

riblx)n binding, the slides are so

united as to fonn a flexible l)and which traverses

the cube and descends into the ciiso b through slots

D V. The culje turns on its axis E, to which Ls

attached a milled head. The band is made so that

the slides can be detached, and replaced by a new
series at will.

Tlie advantages of this simple arrangement are

so obvious, as hardly to rf.|uire further conmient.

The operator ha.s only to turn tiie milled head of the

cube in order to bring his subjects, one after the

other, into iK»sition. This system might be applied

also to the bi-unial apparatus, where dissolving

Fig. 11.—Thomson's Lantern. i' '

views are required. The heat from the chimney is

never so intense as to interfere, in any way, with

the slides, wlule it clears them of surface-moisture,

by which they might be ob.scured during cold

weather.

Before dismissing the subject of the oxy-liv-

drogen lant«'rn, it remains for us to descrilx? brietly

the acces.sory appamtus used in producing the light.
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Ordinary coal gas may be successfully employed on

all occasions in lieu of pure hydrogen. This may
be either stored in a suitable bag, or supplied to

the lantern through an india-rubber tube from an

ordinary gas-jet. Ox3-gen gas, on the other hand,

requires to be made from a mixture of one part of

oxide of manganese to four parts of chlorate of

l)otasli. This compound is consigned to a retort,

and the gas generated by heat.

Formerly, by reason of the rude mould of these

I'etorts (some of them massive cast-iron bottles),

rai)id generation of gas, and closing of the outlet-

])il)es, accidents were not imfi-equent, and some of

them proved fatal to the gas-makers. Nowadays,

however, retorts have been brought to perfection

such as to render the making of oxygen a pursuit

which may be carried on with comfort and safety

in a drawing-room. The best retorts are connected

with a metal bottle charged with water, thi-ough

which the gas is passed and purified before entering

the reservoir.

When the high-pressure jet and combined gases

are employed, pure hydrogen is frequently used,

and is generated in a specially-constiaicted vessel by

the action of dilute sulphuric acid on the metal

zinc.

It is unnecessary to enter into particulars regard-

ing the numerous retorts in vogue at the present

day. It is sufficient to state that in some of these

the gas is made while the lantern is in use, while

others—and these the majority—ai'e only fitted for

charging the detached air-tight gas-holder.

The lime-light gasometers used to be made after

the fashion of the reservoirs of ordinary gas-works.

These are almost entirely superseded by india-

rubber bags, and by iron bottles. Into these iron

•cylinders the gases are compi-essed to about 3001b.

per square inch, and ai-e brought into action by the

turning of a keyed stopper at a (Fig. 12). The

Fij. 12.—Ii'uii Cylinder tor sturiug Gas.

cylinders may be procured ready charged, and

returned empty to the makers. They are cleanly,

portable, and eminently satisfactory ; but they

ought to be tested before leaving the gas-works, and

sufficient pressure of oxygen guaranteed. As a rule,

they will be found perfectly trustworthy, and they

are to be desired in preference to the gi-eat inflated

^as-bags, and their still gi-eater pressure-boards.

The bags are made of india-rubber cloth, and are

fitted with stop-cocks, to which india-rubber piping

may be attached. They are perfectly pliant, and
may be stowed into a small space. When inflated

for use, the bags are placed in the grip of great

wooden jaws, weighted above, in order to impart

the required pressure to the gas. Fig. 13 represents

ri^. 13.—Gas Bag and Prccsiu-e-Boards.

the pressure-boards used for a single bag ; but when
the oxygen antl hydrogen are both under pressure,

another system of boards is super-added, making

the whole ai)paratus as cumbi'ous as it is luisightly.

There are many accessories connected with the

magic lantern which gi'eatly enhance its scientific

value, rendering it indeed " a lamp to the path " of

the student. Take, for example, the microscope. The

solar microscope was its forerunner, but, depending

as it did upon the sun for light, it found a success-

ful rival in the oxy-hydrogen lantern. When night

has closed in ai-ound, and the curtains are drawn,

the lime-light microscope unfolds to us a new world

of organic and inorganic light. A drop of stagnant

water magnified on the screen becomes an aquarium,

teeming with living animalculfe. In the same way,

a few grains of sand brought from the depths of

the ocean are shown to be a gi-oup of shells of the

most exquisite and delicate forms. It is, indeed,

hardly possible to exhaust the store of objects, in-

visible to the naked eye, which may be shown to an

assembled class of students. Nor do the educational

powei-s of the lantern end here, for it may be suc-

cessfully applied to illustrate the phenomena of

polarised light, of the spectroscope, of the foimation

of crystals in chemistry, and of the ever-changing

designs of the kaleidoscope.
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A PRIMKOSE.

By KoBEUT BuowN, F.L.S., etc.

RECKLK88 of law, oblivious of Royal C'oiu-

niLssious, we are about to coininence a

vivisection. Tlie instruments ait' on the table

before us, and the victims are gi-owing in a patch

under our window. The tirst consist of two tri-

angidar or glover's neetUes, pushetl into two bits of

wood as handles, a razor, a ])air of forceps or

tweezei-s, a lens or inagnifying-glass, a i)air of

small, sharp scLssoi^s, a few slips of glsv-ss, and a

microscope close by in c.ise of emergencies. The

subject for our vivisectory studies is nothing more

serious than a primrose, and the object of our

"research" is the stnicture of a flower. We have

selectctl the primrose, not Ijecause in this himible

flower there is anything remarkable or tyi)ical, but

mei-ely because it is so very common, and, in spring-

time, the easiest to be had. "We do not propose

"dropping," sus did the "literary man" of " the

Golden Dustman," into "ix)etry," otherwise— .so

industrious have been the songstei-s of the primrose

—a volume of this work might be filled with the

verses iii its honoui*. The botanist must be a very

Gallio to all of these things, and study the plant

for what it actually jwssesses, not for what a

more or less vivid imagination may attribute to it.

Yet, even then he will discover in it beauties, and

mysteries, and wondei-s, such as the jxtet, who only

looks on it jesthetically, never dreamed it to possess.

To Wordsworth's Peter Bell

" A primrose by the river's brim

A yellow primrose was to him

—

And it was nothing more."

But if, as Profes.sor Huxley somewhere remarks,

Peter had been told that it was a corollitioral dicoty-

ledonous exogen, with a monopetalous corolla and a

central placentation, it would not have aroused liim

a wit from his apatliy. Pursuing his encyclopredial

chant, the Cuml>erland clowni would have furiher

di.scovered that the familiar "primrose by the

river's brim" was the Primula vulgaris o{ Linnaeus,

and that it belonged to the order Primnlnceie, a

family which also numbers in its mnks the Ctjclamea

or sow-bread, the Anftgallis or pimpernel, the

-Saiiiolus or brook-weed, the Trientalis Eurojxea and
the Dodecatheon of our gardens, and that this fami-

liar but most beautiful of spring flowers has for its

near relatives the bird's-eye and Scottish primro.ses

{P./arinosa a.nd,'icotica), the cowslip (P. veris), the

Priinnia elalior or ox-lip, and between two and

three hundred other less-known plants. Moreover

—

is it not written in the books ]—the plant before

us has oblanceolate wrinkled radical leaves, a

svncarpous supc'rior pistil, pentandrous stamens,

and an inferior gamosepalous calyx.*

To us it is immaterial what names pedants have

api)lied to the objects before us. It is for us to see

thein, and accept just as much or as little of that

terminology as may suit our purpo.se, and it will

be founil that wondeifully little will suffice.

Taking, then, a geneiul glance at the flower, we see

that it is on the top of a long flower-.stalk, is

surrounded by a green outside covering, within

which is the coloined envelope which we usually

call the " flower," though in reality it is one of the

least essential parts of any flower, and is frequently

entirely wanting. Inside this, again, is the tliii'<l

whorl of organs, but we can only see the tops of

these peeping out from the tube of the coloured

envelope. Finally, on looking carefully down the

tube after parting the brown tips which ajipear, we
may catc-h a glimpse of the summit of a fourth

organ, which, in reality, is the most important of all.

This Ls about all we can see by a casual observation

of the pi'imrose before us. We must now connneiice

to dissect it. In dissecting even a flower there is,

howeve?-, a right way and a wrong way to do it :

and the AVTong way is to tear it to pieces with the

fingei-s. The right method, though the slower, is

to slit the outer covering on each side from below

upwards with one of the needles ; then cut off" tlie

one half with the scissors, and do the same by

the second or coloui'ed envelope ; then, if the tyro

possesses sufficient manual dexterity, the razor may
be used to split down the innermost oi"gan ; if not,

this can l)e done at a later stage of his work. In

this way we shall obtain a " vertical section " of the

flower ; or, in other words, we shall have cut it

down the middle (Fig. 1 ).

The flower-stalk, or j}eiliinch', corresponds to tlie

leaf-stalk of a leaf. It is covered with the general

skin of the whole plant, and thickly clothed with

hairs which, we have already seen (Vol. I., p. 338),

are mere cells elongated, though often very lx?auti-

ful. The stalk itself, as a very thin slice made by

the razor and laid on a slip of glass under a good

* Dr. Andrew Wilson's " Leisure Time Studies," p. 33.
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'1L

Fig. 1.—Flower of a Prim-
rose (P. vuhjaris), divided
longituJiually, showing (n)

Peduncle, (b b) Calyx, (c c)

Corolla, (d) Stamens, (c)

Pistil.

power of the microscope will show, is composed

of cells or little bladders containing various juices

all jilaced side by side, or

with minute intervals be-

tween them which permit

of the cii-culation of air.

There will also most likely

be cut across a few delicate

vessels which may either

contain air or convey the

nutritive juices which the

flower so much requires

during the exhaustive pro-

cess of flowering. In some

plants these vessels ai"e

very numerous, and the

flowei'-stalk, of course, projiortionately tough in

consequence. In others the vessels contain a

little thin spu-al coiled up inside them, not imlike

the wires which are occasionally put inside india-

iiibber tubes to keep them from closing and
yet give them the necessary degi-ee of flexibility.

These spu-al tubes* can oe very well seen in the

common hyacinth which flowers about the same
period as the primrose. When the flower-stalk of

one of these plants is broken across and held up
to the light, a glairy, cobweb-looking thread will be

seen between the two broken pieces of the stalk if

it has not been too rudely simdered. The flower-

stalk is not absolutely essential to the life of the

flower, for, like the leaf-stalk, it is often wanting.

The green outside cup, or cal>/x, is made up of five

leaf-like organs, joined together by their edges so

that they form nearly one single covering (Fig. 2).

In many plants—the wall-flower for instance—these

divisions of the calyx (sepals) are perfectly dis-

united one from the other. The calyx is usually

gi'een, as in the primrose, but in other plants, such

as the fuchsia and the tulip, it is more

or less coloured (Fig. 3).

If we gently pull off the calyx, it

will be found that the epidermis or

skin of the peduncle comes along with

it, so that the peduncle can be literally

flayed. This affords us an opportunity

of putting a bit of the epidermis, with

the aid of a di-op of water, on a slip

of glass, then flattening it do\\ai

with a thinner piece, such as is \ised to cover

microscopic slides, and examining it with higher

magnifying power than the hand-lens. If the

same course is taken A\-ith the skin of the calyx, it

* "Science for All," Vol. I., p. 296.

Iiou^tudinal Section
of the Flower of a Fuchsia
(F. spletidcns, Zncc).

will be found that both contain stomata.f and that

their epidermis is, especially that of the calyx, in

every respect like that of

the leaves.

We now come to the

coloured covering. Like

the one immediately out-

side of it, this envelope is

made up of five pieces,

each piece a little notched

at the tip, and the pieces

united throughout their

lower extremities, so as

to form a tube. In many
plants these parts (petals)

of the coloured envelope

(or corolla) are separate,

and in many others, like

the sweet pea, are irregu-

lar in size ; that is to

say, the corolla is lop-

sided, as in similar cases

the calyx is. Again, in

some plants the corolla falls

off at an early date in the history of the plant, just

as the calyx does ; for example, in the buttercup.

In the Escholtzia, or extinguisher flower of Cali-

fornia, now so common as a bedding-out plant in

our gardens, the calyx is in the shape of a yellow-

coloui'ed " extinguisher," which must fall off to

allow the flower-bud to expand. In the primrose,

however, the corolla remains during the life of the

flower, as does also the calyx. The calyx, we have

seen, was composed of little leaflets, in then- struc-

ture identical with leaves ; so, in like manner, the

anatomy of a petal is also a modification of the

anatomy of a sepal. It occasionally even happens

that the corolla is gi-een, but black is a hue which

it never obtains ; Avhat is usually so called (for in-

stance in Pelargoni}i.m tricolor) being only a purple

—

red, blue, or deep brown. But as a I'lde, the corolla

is gaily coloured, the coloui-s being blended in that

inimitable manner which gives the beautiful variety

to flowers. Now, what is the use of the corolla and

the calyx? What is often wanting cannot, one

would think, serve any remarkable or essential

purpose in the economy of jilant life ; and looking

at the corolla from this point of view, it is, though

the most beautiful, yet the least important of the

floral whorls. In the whole of the great division

of plants called " monocotyledons," to which grasses,

sedges, the iris, the orchids, the tulip, and a vast

t " Science for All," Vol. I., pp. 21, 97.
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array of other plants belong, the corolla is wanting,

the bnght-colourc<l organs iisually so considered

being proved, l)y various circumstances, to be the

calyx. And, a.s a genei-al rule, we may say that

it is too delicate to sene a-s a pro-

tection to the essential org-ans within,

luiless, indeed, where, as in the vine,

the calyx is so small that it has to

supply its place in this respect.

There is, however, little doubt that

when there is honey, or other sugary

iiijuid, at the bottom of the flower,

by attractiiig insects to it, it serves

—as we shall see in a future article

—a most important purpose in the

economy of Nature.

Before cutting away the corolla.

Tie 4 —stamens of examine the part just below where

rl?IJ^sX:?'''' tlie petals unite to join the tube.

On each ]>etal, supported on a very

short stalk, is a small, bro^vn, longitudinally-

gi'ooved organ, pointed at either end, and shaped

not unlike a weaver's shuttle, but not bigger

than a large-sized needle's eye. As there are

five petals, there will be five of these stamens

to form a circle round the tube, which can be seen

1 Keeping up when the flower is looked into. Many
stamens are supported on long stalks, as in the case

of the fuchsia, wallflower, poppy, or the blue-bell

(Figs. 3, 4, 5, 9), while in other ca.ses they

are altogether devoid of filament or stalk. The
filament when present is usually a thin stalk,

though sometimes, both in form and dimensions, it

simulates the i)etals.

Generally, each fila-

ment is separate

from the other ; but

cases are common
in which all of them

are united into one

bundle, forming a

sort of tube, as in

the loose-strife, lu-

pines, flax, (fee, or

into several of these

bundles. 8unnount-

ing the filament, or

jiresent whether there is a filament or not, is the

essential jiortion of the stamen—viz., the nntJwr,

the brown seed-looking body which we see on each

petal of the prinn-ose.

These anthei-s are each made up of two lobes, or

potiches, united by a delicate tis.sue, the "con-

76

Fi?. 5.—Vertical Section of the Flower
of Blae-Bell (Campanula).

(e)Calyx; 'for.iC<jrulln;'») Staiiims; fp) Pistil.

nective," which may be descril)ed as the piolongii-

tion of the end of the fihiment. This double

chanicter of the anther can eiLsily lie seen, even

with the naked eye, in those of the pnmrose lying

before us ; but if the anther of a gi-ii.ss-flower is

examined, this will be observed even more pei-fectly.

In this latter case, the connective does not run the

entire length of the anther. Hence the two sides

or jiouches separate towards their ends, giving the

anther the " bifid " appearance characteristic of it

in gi-asses, ikc. A very limited study of the anthei-s

of difterent plants will form an instructive lesson in

their endless variety, shai)e, form of union, number,

colour, mode of opening, and so on ; but if any one

is cut across, the structure, as seen in a very

thin slice, examined in the usual manner under the

microscope, will be found something like this

(Fig. 6). Like the filament and all other parts of

the plant—with one exception, which we shall

Fi?. 6.—Anther, cut Across.
(A) General Section sliowlnB P(illcn-(irains in tin- Pnurhes: (id Coats of

Anther more liiplily magniaed. (r/<) Exothrrluin or Outir Lavtr (Eplder-
niisi : (hb) Endoibccium, or Inner Layer (tllnoiis Ijiyer). (o) I'ullen-Cclls
with Grains ot Pollen ; (cf) Layer of Fibrous Cells.

presently meet with—the anther is covered exter-

nally with the general plant -skin or epidermis,

often pierced with stomata. Inside this is a layer

of curious fibrous cells, which give the anther the

elasticity necessary for its bursting and distributing

the i)ollen which it contains, and which is developed

inside the pouches, and sometimes even aids, as in

grasses and lilies, in turning the anther inside out.

Even while we have been working, the slip

of glass on which we have laid the anthei-s has

got sprinkled with a fine brown dust, which has

fallen out of them. If we walked through a field

of grass in which the gra.s.ses have lieen allowed to

flower, our .shoes would get dusted whitish with a

similar jiowder, and if tlie lawn from which the.se

jirini roses were gnth'^red had been badly kept.



218 SCIENCE FOR ALL.

according to the gardener's idea, and well after the

botanist's liking, the anthers of rib-grasses and other

weeds would, in like manner, have em2)tied their con-

tents on to oui- trousers and shoes. This dust is the

2wlhn or fertilising dust, about which, on a future

occasion, we shall have much to say. It is developed

inside the pouches of the anther, and when ripe is

—speaking generally—discharged in vaiious ways

on to the top of the innermost organ of all. With

the naked eye, or with the lens, we can make very

little out of it—it looks simply like dust ; but

under the microscope it takes an entirely different

and more interesting aspect.

It will then be seen to be composed of an in-

finite number of little grains more or less rounded.

Each of these grains is composed of an exceedingly

delicate envelope, which, in its turn, may be divided

into two layers or vesicles, one within the other, and

so closely attached that the fact of their existing

must be taken by the reader on the authority of

the writer, as it is difficult, unless with good appli-

ances and considerable experience, to make them

out. The outer one is comparatively thick and resist-

ing, but with little elasticity, so that it breaks easily

when distended, and is often granular or fleshy in

appeai'ance. It is, in fact, an exudation from the

inner one, which is thin, but of considerable tough-

ness. Inside is a glairy liquid filled with minute

l)articles, and known as the foviUa. This fovilla

plays an important part in the history of the

seed ; but, meantime, what we may note about it

is that the fluid makes curious and apparently

spontaneous movements, or, at all events, these

movements are stimulated by no cause which

we have been as yet able to detect. The pollen-

grains, though invariably of the nature described,

are not, in all plants, of

the same shape as those

which we liaA^e described

(Fig. 7). In general they

are roundish, but in the

chicory they are many-

sided or polyhedral. In

Basella rubra they are

square ; in Tradescantia,

a common garden plant,

cylindrical ; in musk, spi-

rally grooved or I'ibbed ; in

hollyhocks, covered with

little eminences, so that

a miniatui'e sea-ui-chin
;

The size of the grains also differs

In the sweet-potato plant they arc

Fig. 7. — Fisriives of diiferent
Kiuds of Pollen-Grains.

1. Primrose; 2. Auricula; 3. Ane-
mone ; 1. Iris ; 5. Clematis ; 6. Tulip;
7. Rose ; R. Buttercup ; 9. Hollyhock;
10. Passion-flower.

each gi-ain looks

and so forth

considei'ably.

like

large, in the forget-me-not and india-rubber they are

exceedingly small ; and they differ in size even in

closely-allied plants. In the fir-tree ordei ard

some other plants, the pollen-grains are not simple

cells, as in other species, but are composed of three

or four blended together by viscid or elastic ma-

terial, so that in the evening primrose, Clarkia, &c.

,

each grain is triangular in shape. Again, in

heaths, each grain is composed of four ordinary

ones united ; in several acacias there are sixteen,

and in other plants a smaller number united. In

the eel-grass, or ZosUra, a tnie flowering plant,

which on some parts of our coast, but more

especially on the shores of the Baltic, may be seen

waving in banks in the sea, the pollen-grains con-

sist of long, slender threads, divested of the outer

coat, and look, as they lie in the single pouched

anther, not unlike a skein of

silk. Finally, in the milkweed

and oi'chid families, the pollen

is generally solid—that is, a

gi-eat number of gi-ains are

united into pear-shaped masses,

like those sketched in Fig. 8.

The colour of pollen is gene-

rally yellowish or bi'ownish, as

is that of the pi'imrose ; but

even among plants of the same

"genus," such as different

species of lily, all shades from

yellowish to brown might be

found. It is often white,

occasionally bluish, sometimes red, but never green.

Pollen may be kept in the dry state, without losing

its vitality, for months and even years, and sent

from country to country to fertilise plants which

^iroduce only female flowers. For instance, the

date-palm is " dicecious," that is to say, the stamens

are on one plant, and the pistil (the innermost

organ) on another—a by no means uncommon

arrangement ; and accordingly, from the earliest

periods, it has been the custom for the Egyptians

to bring branches with stamen-bearing flowers

from the desert, to fertilise the others with pistds

o"n the cultivated trees. In 1808, o-sving to the oc-

cupation of Egypt by the French, the inhabitants

were prevented from obtaining the bi-anches of the

" male " flowers ; and the result Avas, as only

" female "-flowered trees are cultivated, no dates

were produced. The ])ollen will also be wafted

long distances by the winds, as the so-called " .sul-

plnu'-showers " in the vicinity of fir-forests prove.

In L'lO.'i it is recorded by the poet Pontanus

—

Fig. 8. — Pollen Masses
(Polhni'a) of the Com-
mon Si>otted Orchis or
Adder's-Grass (Orchi.s

mncvXnia).
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and by even more credible witnesses—that a date-

palm at Brindes, which had never produced, was

fertilised, and in consequence matured fruit, from

the pollen wafted thirty miles from another tree

of the same species at Otranto ; and date-trees

in St. Helena have been fertilised by pollen ob-

tained froui trees on the continent of Africa.

Numerous similar cases are on record.*

Before leaving the stamen, we may dii'ect a

glance at the way in which the pollen is discharged

from the anther. In the primrose we see it opening

its whole length along the line of middle furrow, and

thus freeing the fertilising dust ; but if we examine a

blaeberiy { Vaccinium), the winter-green [Pyrola), or

the ordinary potato-flower, it will be seen that this

is effected by the opening of a pore at the tip of

either lobe. Again, in the laurels, barbeny, kc,

the anther opens by two little valves like trap-

doors on the side, more or less to the inner face

;

while, in one small division of plants, the pollen

escapes by a transverse opening which allows the

top of the anther to be lifted off like a lid. We
now snip off the corolla with the attached stamens,

which have su])plied us with the text of the preced-

ing discourse, and find exposed to view the innermost

organ of all—viz., the pistil. In the ]3lant before

us, it appears as a straight, mast-like organ, swollen

at the top and surmoimted with what looks like

the " truck " of a mast. It is placed on the to]) of

the flower-stalk, wliich is a little ex])anded in order

to afford room for the attachment also of the corolla

and the calyx, though nothing like to the extent it

is in some plants in which the stamens also are at-

tached here. Indeed, in the

.strawberiy the juicy portion

which we eat is not really

the fruit, but merely the

swollen upper part of the

flower-stalk, the real fruit

being the hard, seed-like

bodies scattered over the sur-

face of the edible part. In

like mamier, the fleshy part

of an ajjple is really the

\fe™^i'.'ln^°e??^i calyx swollen and thickened,
outbeTopoftiiePed.iucie tj^e calvx remaining on the
and otigma ou the Top of -^ o

top of the fruit. Looking,

then, at the pistil, we see it is

naturally divided into thi-ee parts : the lower

swollen portion, or ova/ry ; the middle part, or

stijle ; and the upper more or less expanded

summit, or stiyiiui. The style is not always pre-

* Brown :
" Manual of Botany," p. 347.

tlie Ovary, without the
iuterventiou of a Stjle.

sent, an example of which deficiency is found in

the popiy, where the stigma rests immediately on

the top of the ovaiy (Fig. 9).

Should the reader be more skilful at manipulation

than most unpractised microscopists

are, he will find it a useful exercise

to try and dissect the covering of the

ovaiy from the contents of that sac.

Should he succeed, he will find some-

thing like Avhat is figured (Fig. 10).

A central "cellular" pillar, a pro-

longation from the bottom of the

ovary, i-uns up the middle of that
F;|-^tfofl>riI^

cavity, and around it cluster a num- rose, with at-
•'

'

1 T 1 1 T tached Ovules

ber of somewhat rounded little bodies, —the Walls of„,.,,.,, I ,1 the Ovai-y de-

The pillar is the placenta, and tae tached.

bodies which it supports are the ovules

or " little eggs," the germs of the future seeds, and

of course of the futui-e plant which the seeds per-

petuate. If we cut the ovary across

—

i.e., in

technical language " make a transverse section " of

it—the simplest of mechanical opera-

tions—we shall see the nature and

relation of the placenta and its

ovules even better (Fig. 11). A
loiifjitudinal division of one of these

ovules (Fig. 12), shows that it is

covered with three distinct coats,

uniting below and open at the top,

while the interior is occupied by a

bag containing fluid. Li this inte-

rior space is developed the future

plant, after the pollen-grains have come in contact

with the stigma—a subject for after explanation—

and when in the fulness of time the ovule has

grown into the seed.

The style, when present, is

composed of a loose tissue, the

use of which will be seen

when, by and by, we examine

the act of fertilisation. The

stigma is the glandular apex

of the style, or (as we have

seen), if the style be absent,

is placed on the top of the

ovaiy. It is the only exposed

])art of the plant not covered Fis. 12. — Longitudinal
. , ... 1 . Section of an Ovule.

With epidermis, and secretes xhatof Poiy9oiii(.n(the

. , , . 1 i- 1 4„ Knot-CTass) has been
a Viscid material, wJncn is ^^j^gu j^ preference to

more abundant at the time X^errsttucUul!""

when the pollen is ready to fall

on it, and therefore doubtless serves a good pur-

pose, not only in retaining the poUen-gi'ains, but

Fisr 11. — The
Ovary of the
Primrose cut
across, show-
iiiir Placenta,
with Ovules
and the sur-
rounding Wall
of the Ovary.
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*Ikl»U(*

Fig.l3.—Diaspram sliow-
iiig the Symmetry of
a Primrose Flower.

also ill causing the protrusion of those "polleu-

tubes" which we shall by and by learn are so

essential to the conversion of the ovules into seeds

capable of reproducing the plant.

HaAing thus briefly dissected the different por-

tions of a flower—and though in all plants the

structure is generally the same, in none is it

identical— we may now look

for a moment at the symmetry

of the flower. Su2)posing a com-

plete flower of the primrose cut

K
VV'O ~

^J I 'icross— though the facts we

s^^i::^-^^^ wish to bring out can be seen

without this operation—the fol-

lowing would be what would be

displayed in a diagrammatic

manner (Fig. 13).

It will be seen that all the parts alternate with

each other—that is, the parts of one whorl are

opposite, not those immediately contiguous to it,

but the one before or after—so that if the difierent

whorls of a flower could be pulled out, the phyllo-

taxis (p. 7) would be very like that whicli prevails

in the ari'angement of the leaves on stems.

In the primrose we do not see the nectaries or

glands at the base, Avhich secrete the honey for

which the " busy bee " flies about from flower to

flower, unconsciously performing Avork in return for

the meal which Nature has spread out inside the

corolla in order to tempt it; but this can be observed

in many of the plants which are springing up in

the same meadow with the primrose. The various

colours also which paint the coi'ollas

of the diflerent flowers are an inte-

resting study. The pigments lie in

the cells of the petals, and like every-

thing else in the plant, are elabo-

rated by the mysterious chemical

processes going on in the living-

laboratory which they ornament.

The odours, in like manner, are due

to the presence of essential oils or

other glandular products which are

developed in the cells of the ejjider-

mis. Many of these oils have defied

the skill of the chemist to seize and

make them his own; nor are the

operations which cause their exuda-

tion very cleai'ly understood. Some
flowers, like the primrose, yield their delightful

odours through life, day and night, while others are

grateful to the nostrils only at night; nor are the

same odours connnon to several closely allied plants.

For instance, the smell of hay is common to a grass,

the woodruff", the mililot, and all the varieties of a

species of orchid. Again, some flowers only exhale

theii" fragrance eai'ly during flowering, while in

another class it is given forth only at particular

periods. Between the smell and colour of plants

there is some analogy. For instance, the Indian

chrysanthemum agrees faintly in scent, as it does in

colour with the common wall-flower. White flowers

have the greatest average of pleasant smelling ones;

orange and brown flowers are often disagreeably

scented ; while the family of plants which has the

gx'eatest number of odoriferous flowers is not—as

might be supposed—the order of roses, but that of

water-lilies.

Finally, before closing this brief study of the

anatomy of a primrose, let us say a few words about

the nature of the different parts of the flower. It

is a characteristic of Nature to be profuse in the

adaptation of the same object for different pur-

poses, but economical in the use of materials. For

instance, we have seen how every portion of the

plant is primarily made up of cells, and that even at

the most mature stage, cells or vessels—or, in other

words, cells of different form—make up the whole

plant. It would have been easy for the Creator to

have made the root of one substance, the stem of

another, the leaves of a third, and the flower of a

fourth. But this is not the case. So, equally, do

we find that while the organs of a plant are in-

finitely varied in different species, they are all on

the same model, and some are even transformations

of the other. Take, for example,

'N/''^ the parts of the flower. All of

these are modelled on the leaf.

The sei^als, it requii-es but a

-X slight insight into vegetable

/ forms to see, are merely leaves

FipT. 14.—Wliite Water-Lily (NympJia'a aXha).

(A) Entire Flower ; (bc B) Finiiis tliiouL'h wLich tin- IVtals u c D (each of which bears au Anther)
pass, to Ihe State of the Normal Stamen E.

in shape and structure. The petals are a little re-

moved from the leaf form, but yet are essentially

coloured leaves in shape and structure, and even

in function. In the water-lilies the formation
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is indeed so gi-adual that it is sometimes ditlicult

to say where the change takes phice (Fig. 14). The

stamens are very unleaflike organs; yet in this plant

the stamens can, in the onter part of the flower, only

be detected to be such by the fact of their possessing

anthers on theii" tij^s. Adojiting one of the many
theories put forward, we may consider the con-

nective, or substance which connects the two lobes

of the anther, as the medial nerve or midrib ; the

lobes of the anther are the two sides of the leaf,

each rolled towards the midrib; the under-surface of

the leaf is therefore the outside, and the ujjper

surface of the interior lining of each the pouch,

while the epidermis and nerves are not developed on

the inside ; the pollen is therefore formed from the

soft tissues of the leaf, and the filament, when it is

present, represents the leaf-stalk of a leaf which has

such a stalk ; when it is wanting, then the leaf type

may be supposed to have been a stalkless leaf. A
double flower is merely one in which nearly all or

part of the stamens, and the pistD, have become

converted into petals; hence, such flowers cannot,

owing to the absence of the essential organs, pro-

duce seeds.

In the Avhite-flowered garden peony there is a

gradual transition from the compound much-cli%T.ded

leaves of the stem, to the white or rose-coloured

petals of the corolla. In the Camellia there is also

a gradual passage from sepals to petals, and the

same may be seen in many other flowers. The
pistil at first sight seems the widest divergence

possible from the leaf type. But in reality it is,

like the other floral organs, a modified leaf. In the

primrose we do not see this so clearly as in some

other plants, because in the primrose the division

walls inside the ovary have disappeared—got broken

up and absorbed in progi-ess of growth—so that

when it is cut across, the component parts do not

so readily discover themselves. In reality, the ovary

is usually made up of two or more " carpels "

—

each with its style and stigma—which carpels are

Fig. 15.-PistU
of Meadow
Saflron {Col-

chicuoi),con-
sisting of
three Car-
pels, each a
bent Leaf
with the
Ovules on
their Edge.

simply leaves bent from edge to edge, and an-anged

in a circle, more or less united ; in the axils of

these, among other modifications, the ovules, which

may be considered buds, ai-e placed, and the styles

are prolongations of the tips of the leaves, the

stigma being a cellular expansion at the top (Fig. 15).

TJiis may be theory, but it is a theoiy

which lies at base of all scientific botany.

By an extensive study of plants it can

be sho"svn to be true, and often when

least expected Nature unveils her

secrets.

In some diseased conditions of the

plant, or when its constitution has been

disturbed by cultivation or some other

cu'cumstance abnormal to it, the petals

will return to leaves, the stamens to

petals,and even the petal to the original

type. This latter state is not unfre-

quently seen in double flowers, such as

the double-flowered cherry. In the

strawberry a common monstrosity is for all the floral

organs to revert to the sepals or imperfect leaves of

a OTeen coloiu*. It is from such facts as these thato
botanists are led to the irresistible conclusion that

the leaf is the type on which all the parts of the

flower are formed, and that they only differ from

the ordinary leaves on the stem iir their special

development. In an early stage of their gi-o^vth

they all look alike, though it must not be supposed

that a petal, for instance, though called a " meta-

morphosed leaf" had ever actually been a gi'een

leaf, and that the stamens, and the pistil had ever

existed in the state of foliage. All we mean by the

phrase is that they are fundamentally one and the

same organ, and as in the early condition of the

plant they cannot be distinguished one from the

other, so in a later stage of gi'owth they keep up a

family likeness, though this likeness is concealed

from all save those whose duty and whose pleasure

it is to study such physiognomies.
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A CANNON SHOT.
By C. Coopek King, Captain R.M.A., Royal Militaky College, Sandhurst.

THE art of gunnery may be regarded as having

two principal branches, the one dealing with

the construction and manufacture of the weapon,

the other ^vith the nature of the projectile and the

laws that govern its flight. To separate them

entirely is difficult, if not impossible, for they each

act and re-act ujjon the other. The gun is but the

tube whence the shot is tired and whence it obtains

its velocity and direction, but it is the shot that

does the actual work; and the best gun would be

worth little if its projectile failed to strike the

mark or to penetrate the object aimed at with a

sufficiently destructive eflfect.

Neither gun nor shot can be alone considered of

paramount importance. An excellent gun may
fire a shot which would have neither range nor

accuracy, owing to its faulty form. A less power-

ful weapon may make better practice, because its

missiles are suitable. Still, range and general

accuracy of direction are mainly the giui's business,

the actvial work to be done upon the enemy or his

defences that of the shot.

In examining what a shot should be and what it

ought to do, there are two sets of considerations,

which must be dealt with separately. First, before

it leaves the gun there are the influences the gun and

powder may have on it, together with that which

its actual form may have on its flight ; secondly,

after it has left the gun there are the efiects of

the various retarding forces it meets with, and the

character of the work it is recpiired to do when it

reaches its sphere of operations.

First of all, it is well known that the inner tube

of the gun may be plain or rifled. In the former

case it is loaded from the muzzle with a spherical

cast-iron or steel projectile, which might strike on

any side after it was fired. In the latter case it

may be loaded from either breech or muTizle, and

the shot is elongated, so that to get its full efiect

it must strike point foremost.

Now, in all muzzle-loadmg guns, whether smooth-

bore or rifled, there must be a small space

between the shot and the bore, which is represented

by the difl'erence between the area of the cross

section of the projectile and that of the bore. This

is called " windage," and is necessary to facilitate

loading by permitting the escape of the air in the

gun, and to prevent accidents resulting from the

jamming of the shot owing to dirt or inaccuracy

of form. But it has another advantage, which is

claimed for it in all muzzle-loading systems. By
far the most deadly of the projectiles tired by

cannon are " shells," or hollow shot tilled with

powder, which is ignited at a cei'tain period of the

flight by the " fuzes " which close then- only aper-

tures. The simplest form of fuze is that which is

tired by the explosion of the charge ; and where

windage exists the powder-flame can pass round

the shell and ignite the fuze. Where windage does

not exist, the fuze must be self-acting, and must be

ignited by means of internal mechanism ; but these

are liable to deterioration from climate and other

causes, as well as being complicated in construction

and expensive to manufactui'e. But though windage

is unavoidable in all muzzle-loading ordnance, and

is even of use when " live " (filled) shells are to be

fired, its disadvantages are great. The escape of the

powder-gas, which has, by so escaping, done no work

on the shot, necessitates larger powder charges, in

order to insure that sufficient gas shall be generated

to produce the required velocity. The destructive

efiect to the bore of the gun by this rush of flame

over the projectile is considerable, and is known as

"scoring;" but, as may be iniugined, it is greater

on the upper than the lower surface, though the

whole suffers more or less. In smooth-bore guns,

where the charges of jjowder, which are relatively

small, burn rapidly, and the shot is easily mo-\'ed,

owing to its form, the damage done to the bore is

slight ; but the vent or channel by which the cart-

lidge is tired is so speedily worn that, though lined

with copper, which has the property of toughly

resisting the burning effect of the gas, it has to be

frequently re-lined or "re-bouched."

In rifled guns, where the charges are considei'-

ably heavier, and the projectile, owing to its weight

and shape, is not so ready to move, let alone that

great resistance is offered by the rifling into which

it is forced, the time during which the gas is able

to act upon the bore is longer, and the destructive

effect proportionately greater. In fact, guns that

have fired many rounds are so deeply scored and

fissured that a casting in gutta-j^ei'cha of the lower

part of the bore resembles the rough and rugged

bark of an oak-tree, and the gun has then to be

re-lined or re-tubed. To some extent this has been

obviated latterly by the use of the "gas check,"

which is attached to the base of the shot, t;nd which



A CANNON SHOT. 223

is intended not entirely to prevent the flame from

reaching the fuze and igniting it, but to partially

destroy the A\-indage and fill the bore before the

mass of powder-gas has time to be developed.

Tliis scoring is peculiarly destiiictive to bronze

guns ; so much so, indeed, that the use of the ordin-

ary soft alloy has been abandoned as a material for

ordnance. It is apparently impossible to make it

completely homogeneous, and when cooling the tin

seems to separate from the copper and form white

spots, called " tin spots," which are peculiarly sus-

ceptible to the action of ignited powder. Bronze

cast under pressure and chilled during the operation,

according to the method adopted by General Von
Uchatius in Austria, ofiers better results, and in

some respects possesses many of the properties of

steel
J
but very little faith is placed in this metal

in England, for many other reasons besides that of

being easily injured by scoring.

But windage has also a direct eflect upon the

shot itself. In rifled guns it is essential that the

projectile should be so "centred," when it is passing

through the gi'oove, that its axis and that of the

gun should be as nearly as possible coincident.

K this be not the case the shot wall " wabble " on

leaA'ing the gun, and its accui-acy will be materially

affected. With much windage centreing is difficult.

In smooth-bore guns the passage of the gas, owing

to this cause, has two effects. First, it causes the

shot to rotate on one of its axes, by moving the

up2:)er surface in its passage, while the lower sui'face

resting on the bore is retained there by friction and

its O'wn weight. Tlie direction which this rotation

has on leaving the piece may cause its flight to be

irregular. To this may be added the unavoidable

want of homogeneity of any cast shot, owing to

which the centre of gravity of the mass and the

centre of the figure do not coincide, which is a fruit-

ful source of ii-regularity of flight.

Next, the shot has a tendency to rebound after

the first pres.sure downwards of the gas, and the

last rebound it makes at the muzzle would influence

its final direction. Tlius, in Fig. 1 the .shot would

•0-

Fig. 1.—I'lustrating Effect of Windage uiion Flight of a Shot.

have a tendency to deviate to the left : a tendency

still further increased if the rotation of the shot

chanced to be towards the same side. These two

soiu'ces of eiTor—iiTegular rotation and rebound

—

are the chief, though not the only, causes of the in-

accuracy of smooth-bore giins.

Now, the object of rifling is to get rid of these

eiTors fii-st of all. The regular rotation of the

projectile tends, as will be seen later, to equalise

the pressure of the air on it during its flight, as

well as to insure that the rotation should be always

acting in the same direction. Rebound becomes

impossible, as elongated projectiles can be employed;

and these have the further advantage of giving a

heavier shot or larger shell for the same diameter of

bore, while hea\-y missiles have more momentum and

are less affected by external forces than lighter ones.

Many methods have been deA-ised for producing

this rotation, but they all group themselves under

thi-ee heads : («) the mechanically fitting
;

(b) those

in which the shot have either studs to fit the gi'ooves,

or a soft metal base which is expanded into them

by the first action of the powder-gas
;

(c) breech-

loadei*s, the shot for which have an outer covering

of soft metal, rendering them slightly larger than

the bore, which is compressed by the gas into the

grooves.

Of the first kind, the Whitworth gun (Fig. 2), with

Fig. 2.—Whitworth Gun.
(A) Section of Bore; (B) tlio Shot. iMechanical Method of obtaining Rniation.^

a hexagonal sjiiral bore, into which an iron or steel

shot fits, and the Lancaster, with an oval bore, and

a consequently oval iron shot, are good examples.

The latter system can be understood by imagin-

ing a gun rifled with two grooves, and then having

the angles of the gi-ooves cut away. In both there

is the objection to a possible jamming of the shot in

loading; and the Lancaster gun was abandoned

because of its uncertainty in this resjiect, as well as

in the flight of its projectile, though it gave long

range.

Of the second kind, Britten's (Fig. 3) and the

American system Ln the war of 1864 are types.

In each case there was a soft metal coating (n) at

the base of the shot, which was forced up into the
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grooves, by the wooden sabot (b), and hence pro-

duced rotation of the projectile in its passage through

the bore. But the more common type of this chxss

is that in use in Enghmd and France, where the

Fig. 3.—Basliley-Britten's Gun.
(a) Section of Bore; (b) Section of Shot; (n) LeadJackct ;

(6) 'Wooden Sabot.

( Expansive Method of obtaining Rotatum.)

shot, which is of slightly less diameter than the bore,

has rows of soft metal (either copper, or a mixture

of copper and tin) studs fixed in it, which enter

the grooves, which are few in number, and so pro-

Fig. 4.—Anustrong Muzzle-Loading Shunt Gun.
(A) Section of Bore ; («) Loading Side of Groove; (6) Driving ditto

;

(B-) tlicSliot.

(.Shom7ig how Long-Sliotare Centred.)

duce rotation (Fig. 4). Of the third kind, Krupp

(Fig. 6) and Armstrong guns are instances. Both

have an iron shot with a leaden jacket (a). Some of

Krupp's shot are provided, instead of this, with

Fi^. 5.—Krupp's Gun.
(A) Section of Bore; Section of Shot; (an) Lead .lackit.

(Breechloader Method of obtaining Rotation.)

rings of copper, but in each case the shot is larger

than the bore, and will only enter the smooth un-

rifled powder-chamber at the breech. On the

explosion of the charge the soft metal is forced into

the grooves, all windage is stopjjed, and the shot

rotated. In both guns the grooves are numerous

and shallow, so that the lead coating may be easily

cut through.

It is beyond our province to discuss the merits

and demerits of these systems. It will be sufficient to

say that the muzzle loading gun is simple and strong,

and the breech, being the stoutest part, admits of

large powder-chambers being made, so that the loss

of gas by windage is immaterial. There is also less

loss of power, as the force required to press a tight-

fitting breech-loading projectile through the bore

(and which must be provided by the powder-gas) is

considerable ; so that Krupp's projectiles have less

penetrative power than those of the muzzle-loading

system. On the other hand, as there is no escape of

gas, smaller charges can be used by breech-loading

guns, and consequently more rounds per gun can be

earned ; while there is no scoring to the bore, and

more protection is afibrded to the detachments of

gunners if the gun be loaded from the rear. Further,

as a slow-burning powder is used in the heavier

calibres, the bore has to be long, in oi-der that all

the grains may be consumed, and if to this neces-

sary length be added that portion of the gun

required to contain the breech-action, the weapon

becomes imwieldy. There ai'e advantages in both

systems ; and it seems quite open to question

whether the breech-loading guns are not better for

field service and the muzzle-loading guns for the

heavier work of the navy or for fortresses.

But whatever be the system of rifling, it is not

sufficient merely to twist the shot. It should be

steady when it leaves the gun—that is, the axis of

the shot and that of the bore should as neai'ly as

possible coincide. At fii'st, as the shot lies on the

bottom of the bore, this is impossible, and if the

grooves were quite symmetrical there would still be

a tendency for the projectile to move on a small

spiral round the true axis as it traversed the bore.

Hence it is that the side of the gi'oove against

which the studs press in muzzle-loading systems,

known as the driving side, is very often almost rect-

angular, while that against which the studs press,

in coming out, is set at an angle, so that the studs

rising uji the slight incline tend to press the stud

firmly against this side, and so steady or centre it.

The Armstrong muzzle-loading Shunt guns (Fig. 4)

are examples of the principle of centreing. The

loading side (a) of the bore was deep, and the shot

entered easily, but, on firing, the studs ran along a

slightly oblique incline, and rose on to the driving

side (b) of the groove, which was shallower, so causing

the studs to fit tightly and steadying the projectile.

Any attempt to fire an elongated shot without
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giving it rotation will result in its wild and un-

certain flight. Plans have been proposed for mak-

ing it Iieavier in front than in rear, with the idea

that the heavy point would move first : and this is

true for very short ranges. Mr. Mackay produced

a gun rifled with broad, shallow grooves, and with

a mechanically fitting projectile, in which it was

believed that the powdei'-gas, aided by the friction

of sawdust placed in the front of the cartridge,

would cause the shot to rotate. Others, again, have

suggested wings and vanes which expanded when

the shot left the bore, and which were to be acted

on by the air.

But all these methods were either absolute

failures or veiy uncertain ; and the certainty of the

system of compelling the shot to take the rifling, by

studs or othei-Avise, became more and more evident,

and hence valuable.

Besides the form of the grooves, as influencing

the steadiness of the shot, there is the natux*e of

the twist itself. The rifling should admit of the

maximum pressure of gas being given on the shot,

and the minimum pressure on the bore and studs.

With heavy charges and a sudden expansion of gas,

the pi-ojectile may be thrust too \T^olently forward

and become uncentred, and therefore unsteady, by

the sheering of the studs or by their " over-riding
"

the grooves. Thus it is that two spirals have been

advocated: one the even, the other the gaining

tA\T.st. At first the former was universally tried,

and was generally too rapid, the sharpness of the

turn bringing such a strain on the gun as to lead

to its speedy and violent destruction, while the fii'st

pressure was always violent at the very time when

the propelling force was at its highest. Later,

however, though the even twist was still retained,

it was made less rapid, and succeeded well. But

the gaining twist simply means that the gi'oove Ls

at first almost straight, and then veiy gi-adually

becomes more spiral ; so that the shot moves easily

at starting and twists more rapidly as it travels

along the bore, and the gas-pressure lessens. The
front studs of projectiles for these guns are there-

fore smaller than the rear ones, to admit of this

change of motion. The object of this method is to

reduce the strain u2:)on the gun. By experiment

with two ten-inch guns, each with a twist of 1 in 40

(that is, the rifling made one complete turn in a

length equal to forty times the diameter of the gun)

at the muzzle—the one rifled Avith a uniform, the

other with a gaining twist—there was a maximum
pressure in the former of sixty-eight tons, with a

minimum of nine tons, and in the latter the niaxi-

77

mum pressure was thirty-six tons, and very uniform

throughout. The nature of the spiral therefore

materially afiects the pressure on the gun and studs.

The powder, finally, has great influence on the shot

of a rifled gun. If it burns too rapidly, the strain

on the studs is great. Thus, both the size of the

grain and its density have to be taken into cor.

sideration. If small, it ignites Avith great i-apidity,

burns very rapidly, and generates at once a lai'ge

amount of gas. This with smooth-bored guns is no

disadvantage. If large, as in the case of the pebble

or pellet powder, the gi-ains of which are as large as

a hen's egg, then, though the ignition is comjiara-

tively I'apid, as the flame can pass easily through

the interstices between the gi-ains, the complete

combustion is slow because of the density of the

grains, and the gas is generated slowly. How im-

portant this consideration is may be judged from

the fact that wliile with "rifled large gi-ain

"

powder the pressure was 29 '8 tons, with pebble

powder it was only 17'4 tons, the charge being

301b. in each case. Armstrong powder, the grains

of which are about as large as small peas, was

rendered slightly slower in combustion by being

glazed with black-lead.

It is necessary to bear these facts in mind, as the

one propelling force from which the shot gets its

maximum velocity, and therefore its accumulated or

stored-up work, is that afforded by the powder-gas.

This maximum or " initial " velocity varies with

different guns, and, of course, with different charges,

but it is usually rather below 1,600 feet a second.

The terms " final " or " remaining " velocity are

used to express the rate at which the shot is travel-

ling at any given point of its trajectory, and must

not be confounded with the " terminal " velocity, a

phrase meaning the maximum velocity which it is

possible for a pi'ojectile to acquire by falling through

air. The velocity at any period of the shot's flight

is ascertained by means of the chronoscope, referred

to in a previous article.*

So far, then, the forces which influence the flight

of a projectile before it actually leaves the bore

are, on the one side, the propelling force of the

powder-gas, which should not act too violently
;

and, on the other, the friction between the shot and

srooves and the resistance of the twist of the

rifling. In the case of breech-loading guns, to these

may be added the resistance offered by the soft

metal coating to the compression necessary for the

shot to take the grooves. After it leaves the gun,

the propelling force necessarily begins to decrea.se,

* Vol II.,
i>.

94.
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while a new set of opposing forces now come into

play. These are the force of gravity and the resist-

ance of the air to retard its direct passage to the

mark ; then there is the natural tendency of all

rifled projectiles to deviate contuinally to the right

(if the rifling of the gnn be from left to right), and

vice versd. This is technically called " derivation,"

or "drift," and though not an actually opposing

force, has to be considered in laying the gun. All

these are more or less certain in their effects.

Lastly, there is the efiect of wind, wliich is, of

course, iincertain. Now the spherical projectile

fired from a smooth-bore gun is always more or less

eccentric and irregular of surface ; all such shot,

therefoi'e, owing to the fact that their centres of

gravity do not coincide with the centres of the

spheres, are liable to turn over in theii* flight, and

have consequently an irregular rotation, in addition

to that caused, as was before pointed out, by wind-

age. If an elongated i;)rojectile be fired from such

a weapon, this source of error is of course much in-

creased, the pressure of the air acting unequally and

irregulai'ly on a larger surface. For example, the

shot in Fig. 6, if not rotating round its longer axis

a h, would be liable to turn over by the air-pressure

Fig. 6.—Illustrating Effect of Air Resistance on Elongated Shot.

(A) Force of Projection; (nci Trajectory; (a) Resiatance of Air;
((i) Oentre of Gravity.

acting below the point (where, as it is falling in its

curved path, the pressure is strongest) at R. But

if the shot have a rotation round its longer axis,

this source of error is neutralised by the au'-pres-

sure being more equally distributed ; the uncer-

tainty of rotation of all smooth-bore shot, due to

their form, also disappears. The effect of rifling,

therefore, is primarily to produce rotation round

the long axis of the shot, which tends to counter

balance other disturbing forces. A child's top, for

instance, owes its steadiness and its resistance to

the foi'ce of gravity to this very principle. The

result of rifling is to enable us to use elongated pro-

jectiles and obtain several advantages. Weight

for weight with spheres, they ofler a smaller sur-

face for resistance, and therefore range and pene-

trate farther ; they can be made to have heads best

calculated for passage through the air and penetra-

tion into the target, and as they travel point fore-

most, percussion fuzes can be used with certainty
;

they meet with less resistance than round shot, and
therefore have a flatter ti-ajectory, or path ; and,

lastly, all projectiles can be made of the same weight

by altering their lengths, and special kinds to meet
special cases can be readily employed. Of the

sevei'al forces mentioned as affecting the shot's

flight, that of gravity tends merely to drag the pro-

jectile downwards ; and if the retarding action of

the air be for a moment disregarded, it is capable of

proof that the result of this force, and that of pro-

pulsion received from the powder, would be to make
the " trajectoiy," or curved path of the shot through

the air, parabolic. But the resistance of the air

materially modifies the form of the trajectory, and

the amount of resistance depends, first of all, on the

shape of the shot itself. This retardation is in-

fluenced by the form of the rear end as well as the

fore end of the projectile, and must not be confused

with the best form for penetrating a hard material,

such as ii'on. For example, some of Whitworth's

bolts are flat-headed, with the object of acting as a

punch would do ; yet this form is not a good one for

diminishing the effect of the air's resistance. Three

forms have been generally employed : the conical,

or vertical section of a cone ; the conoidal, a figure

fonned by the revolution of a conic section round

its axis ; and the ogival or pointed arch shape. Of
all three the ogival seems by experiment to ex-

perience the least resistance ; but the shot proposed

by Whitworth was conoidal in front and tapered

behind, and this gave the best results as regards

range. But though this form was possible with a

shot having such long bearings as liis, it could

scarcely be adopted in the studded projectiles of

guns rifled with few grooves, because of the un-

equal strain tliat would be brought upon the studs

themselves, and render them liable to sheer. The

velocity of rotation, being the means whereby the

effect of the opposing force is modified, must of

necessity vary with the character of the projectile

used and the velocity of propulsion. For as tlie

initial velocity of the shot increases, so will the

resistance of the air, tending to U2)set it, increase,

greater length giving greater leverage on which

the air can act ; while the form of the head, giving

a greater or lesser surfiice on which it can press,

also increases the effect of the disturbing force, and

necessitates a more rapid spm. Thus long pro-

jectiles, which have a natural tendency to droop,

and flat-headed ones, such as Whitworth's bolts,

1
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when tli3 air directly opposes the head instead of

operating obliquely on it, require a more i-apid

rotation, and therefore a quicker twist in the spiral

of the rifling. A good length for a shot is about

two calibres, or twice the diameter of the bore.

Even the density of the mass influences tliis ques-

tion. Hollow shells ai-e steadier than solid shot of

equal weight, for " the mass being distributed

farther from the axis, the radius of gyration is

lessened." If, again, the centre of gravity of the

shot be very far back, the base has a tendency to

droop, and high velocity of rotation is required to

keep it steady. Thus the nature of the gun, as far

as its system of rifling goes, and the character of

the shot, act and re-act the one on the other. And
not only are the theoretical opinions advanced found

generally true in practice, but the eflfect of air-pres-

sure can be proved by the gyroscope. The disc

employed in ordinary experiments is replaced by a

small elongated shot, furnished at its base with a

projecting piece of metal wherewith to give it the

necessary spin. It is held in two rings, so arranged

that one can turn on a vertical, the other on a

horizontal, axis : so that its movement is free in

any direction. When made to rotate, a current of

ail- is directed, by means of a blower, on any part of

the shot, which may be of any requii-ed form, and
the efiect of air-pressure very clearly demonstrated.

Though the shot has no "motion of translation," the

effect of causing the air to im-

pinge on it produces the same

result as if it impinged on the

air.

The "derivation," or "drift,"

of elongated projectiles before

referred to is also influenced

by the form of their heads.

Thus, with conical-headed shot

the deviation is always to the

right when the rotation is

right-handed, but o%ving to air-

pressure, the reverse is the

case if the head be flat.

It remains, lastly, to exa^

mine the work the shot will

do. Tliis dejiends on what it

is required to do. In the case

of shells that are intended to

bui-st without peneti-ating an

object, the form of the head would be such as

would render passage through the air easy, and of

the body such that it would contain the proper

charge of powder or bullets. With shells or shot

i'lff. 7.

Sectiouof Common .Slieil.

designed to penetrate the object aimed at, the form

of the head is of greatest importance. There are

three general classes of projectiles used in war.

Common shells for incendiary

purposes, or for the penetration

and shattering of materials

other than ii'on plates. Thus

for bombardment against

wooden or thinly-plated ves-

sels, or against earthworks,

when the bursting-charge

would act like a small mine,

this kind of projectile is em-

ployed. Fig. 7 repi'esents the

section of a common .shell : b

is the fuze-hole, in which the

fuze, which may burst on strik-

ing (percussion fuze) or after

a certain lapse of time (time

fuze), is inserted ; a the un-

loading-hole, in case, after the

fuse is entered, and when it Fig. 8.-Section of Skrap-
nell Shell.

might be dangerous to remove

it, tLe burstmg-charge may have to be removed

;

c the studs by which i-otation is effected, and which

are "swedged" into under-cut holes made for the

purpose. Theu' destructive effect may be imagined

when it is -remembered that for the 12-inch gun

the shell is about 30 inches long and contains 35 lb.

of powder.

Next, thei'e is the Shrapnell shell for firing agamst

troops ; its destructive effect being chiefly due to the

hardened bullets, of variable size, with which it is

filled. With the common shell, the violence of

explosion is most important; but with this, the

bursting-charge (6) is only sufficient to open the

iron casing without disturbing the velocity of the

bullets, which has been acquired by the velocity of

the missile itself. In Fig. 8 it will be seen that

the head is of wood, cased in iron a, which is merely

added to give a suitable form for the passage of

the cylindrical box of bullets through the air. The

central channel is the means of communication be-

tween the fuze and the small bursting-charge ; and

one element of value this shell especially possesses

is that it is excellent with time fuzes, and it is

therefore available when, owing to the soft nature

of the gi'ound, percussion fuzes could not be em-

ployed. The number of bullets, of coui-se, varies,

but the 9-inch Shrapnell contains 564 12-ounce

balls. " Case " shot is also used against the

personnel, but only at short ranges, and is un-

provided with a bui-sting-charge, the force of the
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I>o-svder-gas being sxifficient for breaking up the case

containing the bullets.

Against armour-plates, or for battering purposes,

the Palliser shot or shell is alone used. In external

shape they are similar, and the only internal

difference is that the central hollow is larger in the

latter than in the former. They ai-e made of cast-

iron, the head being chilled. The reason for this

is simple. For penetrative purposes a shot shotdd

have as hai'd a point as possible, and yet, for

economical reasons, be cheaji in manufacture.

Steel is too expensive a material under these cii--

cumstances ; but it was well

known that iron cast in a

metal mould cooled rapidly

and acquired an intense hard-

ness, but, at the same time,

excessive brittleness. In this

state it is known as white ii-on,

to distinguish it from ordinary

cast-iron, in which the carbon,

in the form of gi-ajjliite, is

mechanically diffused through

the mass, giving it a grey or

mottled appearance. This

always occurs when iron is

slowly cooled.

To chill the entire shot, and
Fig.9.-S|c«ouofPaiUser ^^^^ j^ ^11 hard and brittle,

would lead to its base being

possibly fi'actured by the shock of the powder-gas

;

so that Palliser projectiles are cast with the head

in an iron, and the base in a sand mould, thus pro-

ducing an intensely hard-pointed, but otherwise

comparatively soft shell.

But the most important thing to notice in the

Palliser shell is the form of the head. This is

"ogival," struck with a radius of from one and a

quarter to one and a half; so that the shock of

impact may be converted into a gi'adually increasing

pressure. Fig. 9 shows a section of one of these,

the lines in the head indicating the radiating lines

of sudden crystallisation, and the dots in the rear

part the mottling of the iron, due to the presence of

the gi-aphite spots. No fuze is necessary ; for the

heat generated by impact, or perhaps the sudden

percussion of the powder charge on the front of the

shell when it strikes, is sufficient to ignite it.

The work the shot wUl actually do depends on

the stored-up work in it, due to the velocity im-

parted to it by the powder-gas, modified by its

weight, form, and diameter. Some portion of this

work will be expended in breaking up the projectile

itself; and it is found, in practice, that while the

head of a Palliser shell after destructive impact is

comparatively cool, the fragments of iron of the

broken base, as well as those of the iron plate

penetrated, are extremely hot. Tliat is to say, the

work of which the head was capable was fully ex-

pended on the plate, but that portion of the work
that was expended in breaking the shot or shell

was developed in the form of heat. With a badly-

formed shot the head would be, and is, hot like

the other fragments. The penetration should be
" directly proportional to the work in the shot, and
invei-sely proportional to the cUameter of the pro-

jectile." Elongated projectiles peneti-ate farther

than balls of equal weight, because, while having a

less area to oppose to the resistance of the object,

owing to their form, they Avill, being less retarded

during their flight, have a greater final velocity; but,

at the same time, the initial or starting velocity of

the smooth-bore is generally greater. Shape of

head is of paramoimt importance in penetration.

Blunt-headed forms, especially if the material be

wi-ought-iron, not only " set up " on impact—that

is, bulge at the head—but even if perfectly flat,

like a launch, they cut out a portion of an armoiu--

plate, which piece they carry in front of them,

adding to the work to be done. Ogival-headed

shot, more particularly if chUled, do not " set up,"

and, penetrating more readily, thrust aside, as it

were, the fibres of the ojij^osing metal in their

passage through it.

It is not considered sufficient now, as it was

when iron-plated ships were first introduced, to at-

tempt the destruction of the ai-mour by firing heavy

spherical projectiles with low velocities, as did the

Americans in 1864. As the method of construc-

tion of the cuii-ass improved, it became more and

more evident that " racking," as this was called,

was far inferior to "punching" in its effects, and

shot haWng high velocities and of good penetrative

shape came into general use.

The amount of work that a punching or pene-

trating projectile can execute on any iron target

is estimated by calculating, first of all, the stored-vp

work, or energy, in the shot at the moment of

impact. This is arrived at by the formula

—

Work =
27x^2240,

where W. is the weight of the shot in pounds, V.

its velocity in feet per second on striking, g the

force of gravity (32*2), and 2240 the number of

pounds in a ton. If, however, it be required to
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ascertain approximately the penetration of a pro-

jectile into iron plates, the foiTQula

;r —^ = 27rr X bn X K
'Iff X 2240

must be employed. Here 7r = 3-14159, 2r = the

diameter of the shot in inches, b = the thickness of

the jDlate to be pierced, n = a constant quantity de-

pendent on the quality of the plate (usually taken

as 1"6 for wrought-iron), and K = 2"53 a co-efficient,

depending on the nature of the wrought-iron in the

plate and the form of the head of the shot. For

example, a 9-inch Palliser shell, having a final

velocity (that is, at the moment of impact) of 1,304

feet, Avould have

Total energy=2^J^^|^
= 2946-9 foot tons

;

and dividing this by the circumference of the shot

in inches, we find that the energy per inch of

circumference is 105-16 tons. Again, supposing it

were reqxiired to find the thickness of the plate

penetrable by a 38-ton gun, the final velocity of

whose projectile was 1420 feet per second, we
should have

_812x (1420)2

~2x 32-2 X 2240 X 3-14159 X 12-.5x2-.53;

or b= 19-33.

In practice against a target with an iron -plate 19*5

inches thick, it was found that the shot had pene

trated, " leaving its base in the hole," thus proving

the coiTeotness of the formula.

Thus it appears that the wox-k a shot is capable

of doing depends, first of all, on the character of

the rifling and the amount of the powder charge,

both of which afiect the velocity ; next, on the

form given to it and its rapidity of rotation,

whereby the action of the aii-'s resistance is mo-

dified; and lastly, on the material of which it is

composed, the form given to the head, and the

nature of its contents.

WHY THE EAIN FALLS.

By Robert James Mann, M.D., F.R.C.S., F.R.A.S., etc.

AMONGST the sevei-al notable propei-ties which

fit water for the important part it plays in

the material arrangements of the habitable earth,

its fluidity, or power of flowing, stands conspicu-

ously out, both on the ground of usefulness and

interest. This attribute of ready and fluent move-

ment luiderJJie slightest extraneous impulse is not,

it is true, an exclusive privilege of aqueous exist-

ence, for it is shared by all the material substances

which are what is termed of a liquid consistency.

But water,* of such substances, alone is foimd in

great abundance in a natural state, and is, indeed,

so universal and constant in its presence that it

assumes the place of Nature's own favourite re-

presentative of this liquid phase of material exist-

ence. As rivers, water runs down all the sloping

channels sculptured out upon the ten-estrial surface

between the hills and the sea; and as the ocean, it

flows round the earth, and fills all the deepest

depressions that are hollowed into the ground.

The gi-eat physical peculiarity which confers

this power of fluent movement upon water is, that

the myriad of little particles of which its substance

is comjiosed, although Ipng near together, are,

nevertheless, perfectly free to glide over each other,

* See " Science for All," Vol. I., p. 208 ; and Vol. II., pp. 2.5, 62.

and roll independently about. They have no inclina-

tion or tendency to get far apart, and they have no

inclination or tendency to hold firmly together. Jv.

the case of a solid substance, such as a lump of

stone, the constituent particles cling to each other

with such a resolute grip that it takes the blow of

a heavy hammer to force them asunder; and even

then, when they have been subjected to this violent

interference, they only part company in a few

places through the mass, so that it is broken by

the stroke into a limited number of fragments,

instead of being loosened throughout into its

ultimate molecules. In water, and in all liquid

substances, the primary, or ultimate molecules, on

the other hand, all lie side by side without being

bound to each other by any kind of cohesive gi'asp

so that the slightest impulse causes them to shif

their places amongst each other.

When water is frozen into ice, it acquires the

same kind of solid hardness as a stone. Its con-

stituent particles are then bound by the influence

of the cold so fii-mly to each other that a lump of

the ice can be can-ied about in the hand, just as a

stone might be, without losing its form. If the

lump be laid upon the groimd, the ice-particles

which are at the top of the mass are sustained
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there by theii* firm adhesion to the particles

'beneath ; but if, in such circumstances, the ice is

.-suddenly melted by heat, the adhesion between the

•contiguous particles is destroyed, so that the

-\veight of those which are above makes them slide

•dowTi over the lower ones until they reach the

ground, and then continue to roll along the ground,

if its downward slope affords the facility for doing

so, just as balls roll down the face of a hill. The
flowing down of water is entirely due to the attrac-

tion which the earth exercises upon the little mole-

cules. So soon as there is no opposing force

adequate to the prevention of the result, the mole-

cules roll down under the pull of the attraction,

gliding and sliding over each other as they do so.

The molecules which glide and roll over each other

in this way are, it will be undei-stood, exceedingly

minute bodies. It will be remembered what has

been already said in a preceding page * of the

Tuinuteness of air-atoms. The statements there

made in reference to the dimensions of those bodies

;apply with veiy nearly equal force to the individual

molecules of water. Each separate molecule of the

liquid is certainly not more than three times the

size of the elementary atom of air. Each molecule

of the water in reality consists of just thi-ee such

primary gas-atoms, associated together as a group.

In each molecule of the water there are—as we
I have already seen t—one atom of oxygen and two

. atoms of hydrogen, both gaseous elements, agglu-

tinated together by the agency of an aggi-egating

force. The union of the three gaseous atoms into

a molecular group does not, however, affect the

question of dimensions in any very material way.

The little mass built up, or molecule, is still much
too small to be seen when it is separated from all

its companion molecules. Water in bulk is visible

only because many molecules are drawn very near

"together, and so appear to the eye as a connected

mass. The separate particles or individual mole-

cules which are clustered together in water can no

more be seen, even by the help of the most power-

ful microscopes, than the ultimate atoms of air.

That the individual molecules of water are thus

absolutely invisible to the eye on account of theii'

minuteness, when they are floated widely asunder,

can be easily proved. When a very cold drinking-

glass, which has been wiped perfectly dry, is brought

suddenly into warm aii' that is itself transparent

and invisible, the glass becomes dimmed all over

its outside with trickling moisture. All this moisture

is drawn out of the invisible and transparent air.

* Vol. I., p. .322. t Vol. II., p. 62.

It was present in it when in the clear and tranq

parent state, and it was invisible then because its

constituent molecules were floated widely apart in

the spaces intervening between the air-atoms. It

becomes visible upon the glass only when a con-

siderable number of the widely-spread molecules

are drawn together by the influence of the cold.

The floating-up of the minute and altogethei

invisible water-molecules in this widely-severed

state into the air, however, introduces some further

considerations in reference to molecular existence,

which require to be dealt with here, on account

of the bearing that they have upon the production

of i*ain. In the first place, the constituent mole-

cules of water, when they lie in close contiguity in

the liquid state, and glide about over each other, do

not actually touch. There is at all times an absolute,

although a veiy naiTOw, chasm or inteiwal between

molecule and molecule. They float at a definite

and quite appreciable distance apart, being held at

that relative distance by the influence of opposing

and carefully balanced forces. The weight of the

molecules, or, in other words, the attraction exerted

over them by the earth's mass, cb-aws them into

close contiguity to each other; but when they have

got into tolerably close neighbourhood, a new force

comes into play, and resolutely prevents them from

getting into absolute contact, and they then remain

at this distance, poised between the antagonistic

and oppositely acting impulses—hung up, as it

were, between the pull and the push.

It is perhaps hardly possible to give, in the exist-

ing state of physical science, a complete and quite

satisfactory explanation of the nature of tliis repul-

sive force which acts between the contiguous mole-

cules of material substances, and which keeps them

from coming into actual contact, even when pressed

powerfully together. But it can at any i-ate be

made obvious and plain that it is an immediate and

unavoidable effect of the operation of the power, or

state, which is familiai-ly known as " heat." With
each fresh accession of heat, the molecules of any

heated substance are held further asunder. When
some definite quantity of water is heated by the

action of sunshine, or of an artificial fire, the mole-

cules of the liquid mass repel each other with

augmented foi-ce, and move a little farther apart,

although still drawn together by an appi'oximating

energy that has undergone no change. The water

then consequently occujjies an actually larger space.

A pint of hot water has a larger bulk than the

same weight of water when it is cold. If the water,

on the other hand, be chilled, instead of being
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heated, the inter-molecular repulsion gi-ows less,

and the molecules approach a little more nearly

together. The attraction then so far preponderates

over the repulsion.

The scientific notion, at the present time, regard-

ing heat is simply that it is a state of unceasing

movement or play of the molecules of material

substance. There is no certain kncsvledge as to

what the exact character of this intrinsic molecular

commotion of a heated substance is. Some author-

ities are satisfied to conceive that the moleciUes

are in a state of xxnceasing whirl, revolving upon

themselves as spiiinmg-tops revolve upon theii- axes,

and that this whii'l is urged on ever faster and

faster as the heat mounts up to a higher intensity.

Other authorities, again, assume that the move-

ment is more of the nature of a vibratory swing

—

a to-and-fro play. Possibly there may be a com-

buiation of both these modes of molecidar disturb-

ance. The vibratoiy play may itself, indeed, be in

some sense a consequence of the i-otaiy whii-l. At
any j-ate, the conception of a vibratde swing of

the molecules veiy naturally accounts for increase

of dimension with augmented heat. When the

molecules make more energetic excursions from

side to side, it is obviously indispensable that they

must have more space occupied by their to-and-fro

swingings.

There is one consequence, however, of this

\-ibratile commotion of the molecides which is of

gi-eat practical moment in the case of water, on

account of the serviceable results which ensue. The

vibratory or to-and-fro play of the molecules is

checked within cei-tain definite limits, or controlled,

in the main bulk of the liquid, on account of the

resistance which the swaying particles meet when
they approach towards impinging upon each other.

But at the upper layer of the liquid mass, where it

comes into immediate connection with the air, this

does not occur to the same degree. The swaying

of the molecules is only resisted when they are

pressed downwards into the subjacent liquid mass.

When they rise upwards towards the thinner air,

large numbei-s of them are tossed off, and boimd

freely away into the open spaces that lie between

the widely-spread atoms ; and in those inter-spaces

they float well apart, like the air-atoms themselves.

The aqueous substance, indeed, literally becomes

changed into the state of aii- ; although in this par-

ticular ciise the au--Uke condition is characterised

by a distinct name, and called "vapom-." Vapour
is merely the loosened-out and widely-spread con-

dition in which the molecules of water are found

when they are scattered asunder from each othei*,

either in otherwise void space, or in the intervals

that exist between gaseous particles. The aqueous

molecules which have been alluded to as existing ic

an altogether invisible state in warm aii-, imtil thej

are brought together by the chilling or condensing

influence of a cold glass, are precisely in this state.

They have been originally tossed off into the aii"

from the upper surface of some collection of liquid

set vibrating and pulsating by the agency of heat.

The passing off of the molec^oles of water in this

way from the upper surface of any collection of

liquid, into the thin and, so to speak, dismembered

state of widely-spread gas, is the process which is

technically known as " evaporation." Evaporation

is essentially the transformation of liquid water

into gas-like vapour.

The quantity of disembodied vapour which is

thus tossed off from the iipper surface of heat-

disturbed water in any given interval of time

dej^ends, however, essentially upon the degi-ee of

heat which is present in the liquid. The greater

the heat of its mass, the more energetic is the

vibratory play of the aqueous molecules, as ha&

been already said ; and the more energetic this

vibratory play, the more abundant is the stream of

the molecules which are tossed up into the aii", or

into free space. When the heat is raised as high

as the state wliich is known as the boiling-point of

water, or 212" of Fahrenheit'.s scale, the vapoiu*

even bursts in great globular masses from the veiy

depths of the liquid, as well as from its upper layer,

where it is freed from the superincumbent pres-

sure of the liquid mass, and is in presence only of

the lighter and thinner air. It is the bursting out

of the suddenly generated vapour through the

general bulk of the liquid, wliich constitutes the

familiar state of bubbling or " boiling." *

It is now pretty generally accepted by scientific

men, as in the highest degree probable that the

molecules or ultimate atoms of material substance,

when they are once scattered freely asunder into

the condition which prevails in gaseous and vapor-

ous bodies, retain the heat-generated and energetic

movement which has been impressed upon them,

and dash -widely about in bold excursions, instead

of moving to and fro in almost infinitesimal trem-

blings, as they do whilst bound dowTi by the

exigencies of a liquid or solid mass. It is conceived

that each atom or molecule rushes forward in an

onward path until it strikes against some other

* A wonl apparently derived, from the Icelandic woril

huUa, "to bubble up."
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molecule, or some coherent mass, and that it is then

thi-own back into a retrogi-ade course, just as a

billiard-ball is when it strikes fidl upon another

ball, or upon the elastic cushion of the table ; and

that the rapidity and force of these molecular

flights is greater in proportion to the heat which is

present amongst the molecules. When a gas, or

vapour, is contained in a closed vessel, such as a jar

of glass, it is well known that it presses outwai'ds

against the sides of the vessel, and that it does this

with a force which increases with augmentation of

heat. According to the modern doctiine of the

molecular movement of gases, the pressure which is

exerted upon the interior surfaces of the containing

vessel is due to the actual blows or impacts of the

molecules dashing themselves unceasingly against

then- prison walls. The theoretical reasonings about

this ingenious conception have, indeed, been followed

up so far that calculations have been made as to the

speed ^vith which the molecules of certain gases move

as they fly to and fro at given temperatures. It must,

however, on no account be ovei'looked, in reference

to this mode of regarding the matter, that the

movements of the molecules cannot be really seen,

or, indeed, be in any way detected by the direct

agency of any sense. They afiect bodies which are

withdraAvn quite beyond the sphere of sensual pei'-

ceptions, and are therefore phenomena that are

reasoned out, rather than obsei-^^ed. They are

conceived as conditions which are pi'obable in a

very high degree on account of the intelligible and

satisfactory explanations which their assumed ex-

istence gives of eSects that are appreciable to the

^senses, and that can be made the object of examina-

.-iion and experiment. It may be fairly held that

^;hey are, at any rate, approximations to the real

facts of the case ; and that the molecules of matter

do behave somewhat in the way which is described,

aitjjough very possibly it is only half the truth

Kbich has been yet seized by human intelligence iia

iregard to them ; and the day may be yet looked for

>when some new light will be shed upon these as

gret only partially revealed mysteries of the phy-

sical constitution of nature.

It has been said that vapour rises up from the

surface of water into the air in consequence of the

shooting forth of the separated water-molecules

under vibratory action, wliich unceasingly goes on,

and that it rises up more abundantly, and more

rapidly as it is more energetically acted upon by

the disturbing power of heat. This broad state-

ment, however, it must be understood, is limited

and qualified in one important particular. The

outpoui'ing of the molecules of the vapour can only

go on until a certain definite load of the water-

molecules has been accumulated in the aii-; and
the load which can be in the end sustained with-

out further accessions of vapour, is greater or les;

accordingly as higher or lower degi-ees of tern

perature are operative at the time. Tlius at the

temperature of freezing water the interspaces of the

ail" can receive the one-hundi'ed-and-sixtieth part

of the atmosphere's own weight of aqueous vapour,

and when they have taken up so much, they cannot

receive any more ; the load of the vapour then rests

upon the water-surface with a controlling pressure

which prevents any more of the vibrating particles

from being shot ofi". At the temperature of 59°

the air can receive the eightieth part of its own
weight of vapour; and at 86° it can receive the

fortieth part of its own weight. For each fresh

addition of 27° of temperature, the capacity of tlie

air to receive and sustain aqueous vajjour is douVjled.

When the air contains as much watery vapour be-

tween its i^articles as it can receive without mani-

festing its presence as visible mist, it is said to be

in a " saturated" or satiated state. The saturation

of ail' "WT.th moisture means that it has as much
watery vapour, in a transparent and in-\T.sible state,

mingled in amidst its own particles, as it can hold

without throwing it down as visible water.

It is, however, yet again, a curious, and hardly

to be anticipated fact, that in the entii-e absence of

air, just the same quantity of aqueous vapour can

be sustained at any given temperature, in a trans-

parent state above the surface of the liquid, as

would rise in the presence of the air. The familiar

expression, so constantly used, that so much
moisture is sustained by the an-, is hardly to

be reconciled with the actual reality of the case.

The naked truth is that the vapour is sustained

altogether ii-respective of the influence of the aii'.

It is supported by the agency of heat, and is iqi-

held in precisely the same way, both in the presence

of air, and in vacuous space. The full saturation

of the space is, indeed, brought about more quickly

in the absence than in the presence of an*. The

real influence of the air-atoms is that they retard

to some extent the penetration of the aqueous

molecules amongst them ; the vapour is impeded

in its onward flow by the air-particles that cross

its path. But, just for the same reason, when air is

drifting along in the condition of wind, it cames

the floating vapour associated with it, and en-

tangled amidst its particles. The vapour and the air

are primarily subjected to an altogether distinct
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physical control ; but thei'e is nevertheless some

sympathetic bond, which has hardly yet been

sufficiently investigated and defined, connecting

them together.

It is for this reason that increased pressure of

air retards, and in the end lessens, the evaporation

of water. In the face of the great law that vapour

rises from water in the same way whether there be

ail' or vacuous space above it, this ought hardly to

be. The explanation of this seeming contradiction

properly is, that the molecular condition of the

surface of the water is so far changed by the

augmented, or diminished, pressure of au-, that in

the one case the vibration and throwing off of the

molecules is more checked, or damped, than it is

in the other. The weight of the air diminishes

the supply of vapour by pressing upon the water,

although it is quite incapable of exerting any simi-

lar controlling pressure upon the vapour-molecules,

when these have once been disentangled from the

actual siu-face of the Hquid. It damps and em-

barrasses the vibratile play of the molecules of the

uppermost film of the Liquid, although it does not

in any way press upon the molecules of the already

risen vapour.

Under the several physical conditions and re-

lations which have here been described, vapour is

thro^vn up from the broad ocean, and from the

moist porous surfaces of the earth, vmtU the

interspaces that Ue between the particles of the

superjacent air are copiously charged. The vapour-

molecules then get so far entangled amidst the

atoms of the aii', that they are di'ifted along with

them in whatever direction they may themselves be

advancing, under the impulse of the -svind. This,

therefore, is properly the first stage in what, by a

loose but convenient and expressive figure of

speech, may be termed the manufacture of rain.

In favoiirable cii'cumstances, such as exist in the

broad ocean-spaces of the torrid zone of the earth,

the drifting air soon drinks in the abundant charge

of vapour which, at its warm temperature, it can

contain. The copious load thus acquired is then

wafted away to cooler regions of the earth, where,

in the first instance, the saturation becomes com-

plete because the temperature of the air gets

lowered to the requisite degree. With any fur-

ther chill beyond this, the superfluous vapour that

cannot be retained at that lower temjierature is

gathered first mto visible mist, or water-dust, as

it has been happUy termed, and then into round
globules, or drops, which are too heavy to be any
longer sustained by the flotation powers of the

78

moving ^vind, and consequently fall to the earth

in continuous showers. The rain-making process

is then complete. Whenever warm vapoui'-laden

air arrives in positions of the earth where it gets

rapidly chilled, rain falls as a matter of course,

as a simple result of the arrangement which render's

cold air unable to sustain the same charge of float-

ing vapoiu" which warm air can support.

At a temperatvire of 32° Fahr.^—the freezing-

point of water—air can sustain 2 '3 7 grains of

aqueous vapour in each cubic foot. If in such

air at any time there were 2-38 grains to the

cubic foot, the superfluous hundredth of a gi-ain

would, of necessity, appear in the form of con-

densing mist. At a temperature of 60°, each

cubic foot of fully saturated air would contain

5 "87 grains of invisible vapour; and at a tem-

peratui-e of 80° each cubic foot would hold 10-81

grains. If, consequently, at any time fully-satu-

rated ail- at a temperature of 80° were suddenly

chilled down to 60°, nearly five grains of water-

drops, or rain, would of necessity be poiu-ed down
out of each cubic foot of aerial substance. It does not

at all matter how such chilling effect is produced.

It may be by the i"apid admixtui-e of distinct cur-

rents of ail-, the one warm and the other cold.

Thus, if, in the conflict of antagonistic winds, a

cubic foot of air with a temperature of 80° were

mingled with a cubic foot of air with a tempera-

ture of 40°, there would be two cubic feet of air*,

or thereabouts, with a temperatiu-e of 60 ° thi-ough-

out. Or, on the other hand, the chilling of the aii-

may be the result of the bodily movements of the

warm air to a less heated part of the earth ; or to

the sliding of the warm aii'-mass up along the slopes

of lofty hills. When this latter occurrence takes

place, as it invariably does where an ocean wind

drives in against the shores of a mountainous or

elevated land, the air first gets expanded as it rises

into the higher regions, where the j^ressure of the

superincumbent atmosphere is less, and then be-

comes cold as a consequence of the expansion.

Wlienever aii- is expanded into larger dimensions

and thinner substance, sensible heat is taken up,

and as it were consumed for the time, to be tm-ned

to account in keeping the air-molecules farther

apart, instead of in warming the mass. Rain is

eflectually produced, then, by any of these causes

of chill. It occui-s when a moist warm wind blows

in from the ocean upon cold stretches of land. It

occurs when dense, vapoiu'-laden winds are pressed

up the slopes of abruptly-rising hUls, and it takes

place whenever warm ocean winds are mingled with
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•cold bla,st.s ill the surgiiigs of the tempestuous con-

flicts of the atmosphere. Even cold, dry Avinds may
be the immediate cause of rain, if they blow sud-

denly in upon a mass of warm, vapcur-satui'ated

air.

The difference between the physical state of a

gas which is not condensible into a liquid at

ordinary temi^eratures and pi'essures encountered

naturally upon the earth, and that of the vapour

which is changed into the liquid state under slight

variations of natural temperatures and pressures, is

very admii-ably illustrated in the case of air, and of

the aqueous vapour which is mingled with the

.atmosphere. The gaseous aii-, it will be remem-

ibered, has no liquid reservoir ; it is a fixed and

•approximately unchanging gaseous investment of

'the earth. The main bulk of the water, on the

other hand, lies in a liquid state in the wide and

• deep basins of the sea, and only a small and quite

: subordinate part of it is scattered around its outer

surface as expanded vapour. There are various

considerations of gi-eat practical interest which

arise out of this difference. But the allusion to

these must unavoidably be left for other oppor-

iiunity. The one pregnant circumstance which is

3iere for the present occasion selected from amongst

them, and held up apart to be seized by the atten-

tion and memory, is the leading feature and fact

that the quantity of vapour which can be raised

out of the gi'eat reserve basin of the sea is deter-

mined and fixed by the quantity of heat which is

available for the purpose at any place, and that

such quantity varies to a very large extent even

within the limited range to which natural tem-

peratures extend. With the largest amount of

heat which is furnished by the sunshine that falls

•on the earth, a copious aljundance of the vibi"ating

molecules are shot off from the surface of the liquid

rseas to assume the expanded state of scattered

"vapour. But, under privation of sunshine, a good

part of those molecules are gathei'ed back from the

scattered vaporous state until they cohere into

Avater-drops, and fall back to the gi'oimd or sea.

Cold, when applied to the invisible floating vapour,

<Uniinishes the energy of the impulse or swing

ty which the aqueous molecules are kept floating

apart, and so enables them to be drawn back into

liquid water.

As a general rule, vapour is raised in the most

copious abundance over the equatorial and inter-

tropical seas, and is transported to the temperate

and colder regions of the earth, and especially to

the more elevated lands lying in those regions, to

be deposited. But this general rule is modified in

a very remarkable and, indeed, sur])i-isiug degree,

by the influences which have been described in a

preceding page* as ruling the local distributions

and variations of temperature. The consequence is

that rain is poured fitfully and intermittently over

the land-spaces of the earth. The rose of Nature's

own watering-pot, so to speak, is swept bounteously

over the giound, now in this direction, and now in

that, so that all parts of the earth receive a due

share of the fertilising showers, as well as of the

quickening sunsliine that alternates with the clouds

and rain. Since the capacity of the air to sustain

aqueous vapour depends upon heat, and since this

heat Ls in a condition of never-ceasinfj change at all

places, such must be the residt in the matter of the

rainfall The varying temperature and the vaiy-

ing winds efficiently insure the watering of the

earth everywhere excepting in the few happily

limited desert tracts which are as destitute of living

creatures as they are of rain.

One further consequence of this method of

ordering the rainfall Ls that there is a very gi'eat

difference in the quantity which is deposited on

different parts of the earth. Most rain falls where

hilly or elevated coasts are exposed to the inflow of

wann ocean winds, and least where prevalent ^wdiids

drift in from cold, dry regions to low-lying, sunny

lands. But over and above this there are circum-

stances connected with the sculpturing and ex-

posure of the land, which make the difference

very great within veiy narrow limits of territory.

Thus in Cumberland there are places within two

miles of each other at one of which the average

annual rainfall is 47 inches more than it is

at the other. The annual fall at any one

place also differs materially in different years, ac-

cordingly as warm and moist, or as cold and dry

winds have been predominant. On account of the

gieat diversity which attains in the amount of

rain deposited on different parts of the earth, it

becomes very difficult to asceitain what the sum

total over the whole earth must be. If the amount

of water that is thrown up into the air from seas,

rivers, moist ground, and li\-ing vegetation could be

measured, that of course would give a fair esti-

mate of the rainfall of the earth, because it may

be safely assumed that all the water which is

raised into the air as vapour is ultimately thrown

do^vn again to the ground as i-ain. Commodore

Maury, the distinguished meteorologist of the

United States, calculated that about 16 feet of

* Vol. II., p. 123.
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water, assumed to be of the same area as the sur-

face of the earth, is evaporated into the air within

a year. More recent authorities consider, however,

that this estimate must be largely in excess of the

truth, and that if all the i*aiii which falls upon the

earth were allowed to accumulate in a basin of the

same area as the teirestrial surface, it would amount

to a collection 8 feet deep at the end of a year. The

average rainfall of the British Islands appears to

be something like 36 inches in the year ; and the

avei-age rainfall of London is certainly about 25

inches, or a little more than 2 feet in the year.

The annual i"ainfall in the driest parts of the

British Islands amounts to about 18 inches, and in

the wettest j^arts, amongst the mountains of Cum-
berland, it amounts to 189 inches in the year.

The hea\'iest rainfall known upon the eai'th occurs

upon the mountain slopes beyond the head of the

Bay of Bengal, and amounts upon the avei*age to

GIO inches, or nearly 51 feet, in the year. One
inch of rain implies a fall of 101 tons of water

upon each acre of ground. The average rainfall

of London therefore entails a supply of 2,525 tons

of water in the year to each acre of ground, or

31,310,000 tons for the entire metropolis, esti-

mating it at au area of 20 square miles.

The rainfall at any place is ascei'tained by catch-

ing the amount of water which falls in an instru-

ment which has been contrived for the purpose,

and which is known as the rain-gauge. If a

cylindrical vessel, with a circular mouth having

exactly the same diameter as the interior of the

vessel, were used to catch the rain, the depth of

the accumulated water, measured in inches and

decimal parts of an inch, would express the quan-

tity which had fallen through

that mouth in any fixed interval

intervening between two regular

periods of observation, such as

twenty-four hours. This, how-

ever, implies that some contriv-

ance is employed to prevent any

})ortion of the water that has

been collected from escaping in

the meantime by evaporation.

But when the rainfall between

successive observations is small

—such, for instance, as a hun-

dredth part of an inch for the

hoi-izontal area of the gauge, it

is obviously difficult to me;isure it exactly in this

direct way. On this account the expedient is

adopted of catching the water, as it falls, in a

Tie. 1.—Showing the
Principle upon which
small Quantities of
Eainfall are mea-
sured by E a i n

-

Gaui<es.

funnel, so jjlaced as to cany it into a smaller

interior vessel. The principle involved in this

method of measuring is illus-

trated in the accompanying

sketch (Fig. 1).

If it be assumed that in this

figixre the mouth of the receiv-

ing-funnel has four times the

area of the jar contained in the

interior of the cylinder, then a

depth of four inches of I'ain

collected in the jar would indi-

cate a fall one inch in depth for

the area of the mouth of the

funnel. In rain-gauges com-
Showing gra-

duated Measure, usee'

to estimate small
Quantities of Eaiiifall_

monly in u.se, the measurement
^^^-^^J^

is made still more exact by

catching the rain in some in-

terior vessel, and then pouring

and narrow glass jar, which

hundredths and half-

hundredths of an

inch, such as is repre-

sented in Fig. 2, the

graduations being

duly adjusted to the

area of the funnel.

The evaporation of

the water between

the periods of obser-

vation is prevented

by having the funnel

of the gauge con-

trived as shown in

Fig. 3. The funnel f

lifts ofi" from the top

of the lower part of

the receiving cylinder

c, and discharges

itself at the bottom,

when in u.se, into that cylinder by a small pijie r,

turned up so as always to retain two or three di'ops

of water in the bend. The dotted lines v c(, Fb, show

how the sides of the funnel are inclined to lead

down to the curved pipe which discharges into the

cylinder. The water collected in c Ls poured out

into a glass measure like that which is represented

at Fig. 2, whenever its quantity has to be estimated.

A very convenient and cheap form of rain-gauge

may be provided by having a small circular copper

funnel, something like that which is si.own in

Fig. 4, prepared with the mouth carefully turned

so that it measures -i-GOT inches across within its

I'ig. 3.—Showiuif the Airauaemeut
employed in Kaiu-Gauires to pre-

vent the Loss of Water by Evai)0-
ration.
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Fig. 4. — Repre-
senting a con-
venient Form
of Rain-Gauge,
to be used with
a common Fluid
Ounce gradu-
ated Measure.

rim. Such a funnel then has an ai-ea of 17 '33 .squai-e

inches ; and as one fluid ounce of water measures

1-733 cubic inches, a fluid ounce of

water collected from rain falling into

the funnel represents exactly a tenth

part of an inch for a cylindrical

^essel as wide as the top of the funnel.

The great advantage of this form of

instrument is that no other measure

is required for estimating the fall in

tenths of an inch than the ordinary

fluid ounce measure of the apothecary,

which can always be procured any-

where. Each ounce of water thus measured indi-

cates one-tenth of an inch rainfall. The oimce

can be further sub-divided into tenths—which then

represent hundredths of an inch—by any simple

expedient, such as marking the sides of a carefully

moulded oiince phial into ten equal parts. If at

any time the gi'aduated measiu'e is broken by acci-

dent, another, equally reliable, can be immediately

procured. The funnel is generally placed in the

moiith of a glass bottle to collect the rain, and if

its sides fit faii'ly well

to the mouth, no evapo-

ration of any conse-

quence takes place.

The amount of free

moisture present in an

invisible state in the

air is estimated by in-

struments which are

termed hygrometers.

The one invented by

Professor Daniel,which

is a veiy convenient

form to use, is shown

in Fig. 5. A bent glass

tube is terminated at

each end by a bulb

somewhat exceeding

an inch in diameter ; one side of the tube a,

which is the longer one. has a small thermometer

inclosed within it, and some sulphuric ether at the

bottom of the bulb, surrounding the ball of the

thermometer ; and thei'e is also an outside thermo-

meter fixed to the central stem of the instrument.

Fig. 5.—Daniel's Hygrometer
measuring the Moisture of the
Air through the Effect of the
Evaporation of Ether.

The bulb B at the shorter end of the tube is covered

by a coat of muslin, so that ether can be poured

upon it at will from a phial, as represented in the

figure. When ether is so poured upon the muslin,

it makes the covered bulb of the tube very cold by

rapid evajjoration. Vapour of ether in the inside of

the tube, which has risen into it from the bulb A, is

on that account condensed, and further evaporation

of ether then goes on from the bulb A, containing the

thermometer inside, and cools it down, until at last

dew begins to deposit upon the outside of the glass.

At that instant the i-eadings of the two thermo-

meters, one inside and one outside, are compared

;

and from the diSerence of these x'eadings the quan-

tity of aqueous vapour in each cubic foot of air can

be ascertained, by reference to tables whicli give

what is termed "the tension of

aqueous vapour " at each degi'ee

of Fahrenheit, and by calcula-

tion. The figui-es in the table

representing the temperature

expressed by the inner thermo-

meter at the instant when the

dew is formed, divided by the

figures corresponding with the

temperature of the outer ther-

mometer, express the degree of

moisture of the air. An ana-

logous result is also obtained by

another form of instrument,

known as the dry and wet bulb

hygrometer, in which two

exactly similar thermometers

are placed side by side, one

ha^dng its bulb enveloped in thin muslin kept wet
by water drawn out of a small bucket, or reservoir,

through a wick of cotton. The wet-bulb thermo-

meter reads lowest, on account of being cooled by
evaporation from the moist muslin, and the more
so in proportion as the air is more dry, and the

evaporation on that account more rapid. The com-

parison of the temperatures indicated by the two

thermometers then enables the moisture present in

the air to be ascertained either by an arithmetical

calculation, or by a reference to tables prepared

for the purpose. The dry and wet bulb hygrometer

is represented in Fig. 6.

Fig. 6.—The di-y and
wet Bulb Hygro-
meter, for measur-
ing the Moisture of
the Air.
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THE STOKY OF A VOLCANO AS TOLD IN HISTOEY.

By Professor T. G. Bonxey, M.A., F.R.S., Sec. G.S.

AS the train, bound from Rome to Naples, quits

at Casei-ta the glens of the Apennines, a lofty

mass rises prominently in front of the blue line of

hills stretching away to the south-east, and by its

apparent isolation at once attracts the eye. Its

summit is formed l)y a long serrate ridge, behind or

on which a cumulus cloud seems to rest even on the

clearest day. Tliis is usually the traveller's first

view of Vesuvius (Fig. 2) ; an important one, since

it presents the mountain in what we may call an

historic aspect—in the form which it bore when

Horace was a saunterer in "easy-going Naples,"

and when Vu-gU sang the praises of " chai-ming

Parthenope."

The modem cone (for, compared with the old

crater-ring of Somma, this is a thing of yesterday)

is concealed from this point of view ; and it is not

till after some little time that a tooth on the right

seems to detach itself from the rest of the ridge.

This, as we proceed, gi-adually rises into greater

prominence, and the mountain assumes the form

rendered familiar to us by pictures exhibited every-
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svliere—from the tops of work-boxes to the walls of

academies—of a rather trmicate cone, rising from a

gently sloping base, and half inclosed on the left or

northern side by a ring of broken crags (Fig. 1).

For miles the shore at the foot of Vesuvius is

fringed with hoxises, whose white walls glitter in

the Italian sun ; A'illage linking on to village,

to form a gigantic arm to Najiles. The lower

slopes of the mountain are densely clad \\-ith the

\"\ ----^

Fig .—Outline of Vesuvius, from Eailway near Caserta, showing the Crest of Somma and probable
Form of the Mountain jirevious to a.d. 79. (a) Comer of Coue just coming into View.

vine and the olive, the citron and the orange, yet

this vesture of verdure is stained by sombre blots,

which once were molten rock ; the cone itself is a

vast pile of dark ashes ; and on these sunny villages

the iii'e from heaven has more than once fallen

hardly less fiercely than on the cities of another

plain.

This, then, is the story of the volcano, as it has

been gathered from the records of the past by more

than one author. Till full three-quarters of the

first century of the present era had elapsed, we
read only of dim traditions of volcanic action. To

picture the mountain as it appeared in the days of

Vii-gil, we must efface the present cone, we must

restore the cliffs of Somma to an unbroken ring
;

and imagine, within their inclosure, a wide amphi-

theatre ovel•gro^\^l with trees and brushwood and

wild vine. Once, indeed (73 B.C.), it served as a

camp of refuge to a band of gladiatoi-s, who had

escaped thither from the schools of Campania.

Here they were for a time blockaded by Roman
troops, but they scaled the clifis by making laddei-s

from the wild vines, defeated their foes by an attack

in the i*ear, and so began the Servile War.

So Vesuvius remained, through all the days of

which history has i>reserved a record till a.d. 79, a

wide, circular, and perhaps rather shallow ci-ater,

ovorgi-own with verdure, not unlike to, though

loftier far than Astroni, in the neighbouring

Phlegi'sean fields, which is now used as a royal

game-preserve. The shores of the bay were studded

with villages, as now, from Parthenope to Stabii^e,*

probably not less numerous, certainly more opu-

lent. We know Campania as it is, after centuries

of misgovemment ; then it was the " South Coast

"

in the palmiest days of Rome ; and men took then-

pleasure with little stint

on the slopes beloved, as

the poets say, by the god

of wine and the goddess

of love.

The first interruption

to the serenity of their

life—to which a parallel

may be found in, the

magic story of the

" Water Babies "—was
a violent earthquake in

the year 63 a.d. For

sixteen years these sub-

terranean warnings were

continued at intervals.

Then came the cata-

strophe, many details of which are preserved for

us in a letter from the younger Pliny, who,

at the time, was residing with his uncle, the

commander of the Roman fleet at Misenum, on

the western shore of the B:iy of Naples. Thus

he tells the story f :
—" On the 24th of August,

about one in the afternoon, my mother desired

liim to observe a cloud which appeared of a very

unusual size and shape. ... It was not at

that distance discernible from what mountain this

cloud issued, but it was found afterwards to ascend

from Mount Vesuvius. I cannot give a more

exact description of its figure than by resembling it

to that of a pine tree, for it shot up to a great height

in the form of a tiamk, which extended itself at

the top into a sort of branches. It appeared

sometimes bright and sometimes dark and spotted,

as it was more or less imi^regnated with cinders."

The old man, as he goes on to naiTate, shortly after

embarked for Resina, to render what help he could

to the inhabitants of the toA\ais along the coast. On
approaching this, " the cinders, which gi-ew thicker

and hotter the nearer he approached, fell into the

ship, together with pumice-stone and black pieces

of burning rock. They were likewise in dangei-.

* Modern. Xajiles to Castellaniare.

t Melmotli's Plinj-, quoted by Phillips, 'Vesuvius," p. 13.
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not only of being agi-ound by the sudden i-etreat

of the sea, but also from the v.ist fragments which

rolled down from the mountain." Accordingly,

he changed his course a little, and landed at Stabise

(now Castellamare), at a rather greater distance

from the mountain. Though his friends there were

in the utmost alarm, he took a bath and supped

with calmness, and afterwards slept, until he was

awakened because of the " court of his apartment

being now almost

filled with stones

and ashes ; if he had

continued there any

time longer it would

have been impossible

for him to have made
his way out." After

consultation, it was

decided to abandon

the house and make
for the shore. They

set forth, having tied

pillows upon their heads with napkins, to protect

them from the storm of falling stones. "It was
now day everywhei-e else, but there a greater

darkness prevailed than in the most obscure night."

The sea ran so bigh. that it was unsafe to embark,

and shortly after, the old man fell down dead,

ai:)parently suffocated by some noxious vapour,

which proved fatal to him, as he had long suffered

from a difficulty of breathing. During this night

earthqiiake shocks had been almost incessant

at Misenum
; and at last the relations whom

lie had left there quitted the house for the open

country. On arriving in this, the chariots in

Avhich they rode " were agitated back and forward,

so that we could not keep them steady. The sea

seemed to roll back upon itself. On the other side,

a black and dreadful cloud, bursting with an

igneous serpentine vapour, darted out a long train

of fire, resembling flashes of lightning, but much
larger. . . . Soon afterwards, the cloud seemed

to descend and cover the whole ocean, and the

promontory of Misenum. . . , The ashes now
began to fall upon us, though in no gi-eat quantitv.

I turned my head, and observed behind us a thick

smoke which came rolling after vis like a toiTent

;

darkness overspread us like that of a room when it

is shut up and all the lights extinct." Over all

the land, from Sorrento to Capo di Miseno, the two
horns of the Bay of Naples, this tenible hailstorm

fell, till at last, when the sun shone dimly out,

the gi-ound was white with ashes as with fresh

snow ; and in the place of Herculaneum, Pompeii,

Stabije, were wastes of A'olcanic scoria.

No lava appears to have been discharged during

this eruption, or, at any rate, to have aided in

destroying the town. Herculaneum is chiefly over-

whelmed with a volcanic mud, formed of the finer

ashes mingled with water—a material not unfre-

quently ejected from volcanic craters during erup-

tion—which has now become hard and stony.

Fig. 3.—Summit of Vesuvius from Sorrento iu 1876. (a) Cone ;
(b) Somma.

Pompeii is bmied beneath light loose ashes. Sub-

sequent eruptions may possibly have somewhat

augmented these coverings ; but at the present time

they are in places full eighty feet deep over the

former, and twenty feet over the latter.

At the close of this eruption, the aspect of Ve-

suvius must have been completely changed. About

one-half the wall of the crater was probably blown

completely away, leaving only the northern part

—

that now called Monte Somma—still standing (Fig.

3). A new crater was doubtless formed within the

old boundary ; but its cone, so far as we know, was

of no great height. Eruptions occurred after this, at

intervals, for some thousand yeai-s ; but about the

middle of the twelfth century, a period of almost

imbroken repose commenced, which lasted for five

centuries. It is not easy to form an accurate

idea of the appearance of the mountain during this

period ; but probably a large, though not lofty cone

existed just within the imperfect ring of Somma,

whose summit it overtopped by about one hundred

and sixty feet. The circumfei-ence of the rim

was about two thousand yards ; the interior dee}")

and level, with three pools, fed by hot mineral

springs. Vegetation had again overspread the

bare rocks, as it had done previous to the outbreak

of r9.

But in the year 1631 there was another awaken-

ing, hardly less teiTible than the former. Again

the surrounding region was .shaken by earthquakes.

A deep, continuous subterranean rumbling—

a
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common phenomenon in volcanic eruptions—was

heard, till at last the fatal morning of Tuesday, De-

cember 16, dawned. Then the great pine-tree of dust

and vaj^oui"—the volcano's black flag—once more

rose up into the sky. Again the vapours spread,

the lightning flashed, and the hail of scoria began.

Great splashes of molten lava were launched into

the air, and red-hot blocks fell thick about the

mountain. About eleven o'clock, a fissure opened

out at the base of the cone, from which fresh

showers of missiles were discharged, and a stream

of lava began to flow. The peojDle of Resina fled

;

but those of Torre del Greco lingered till the

next day, when the lava burst forth with renewed

violence, " so that the whole mountain seemed to be

melting." They were quitting the town in a kind

of procession, when suddenly a strange noise was

heard, a ton-ent of molten lava debouched from

a side street, and poured down upon the crowd.

3i 1 i
A

Fig. 4.—Siunmit of Vesuvius about 1650. (Sketched from a Picture of the Eevolu-
tion in Naples iu 1647. The Part indicated between dotted Lines is covered by
a Chimney in the Picture.) (a) Cone

;
(b) Somma.

It parted ; those in front escaped with difficulty

;

the rest found at once death and cremation beneath

the fiery stream.

When at last the eruption ceased, the cone had

lost about a hundred and eighty yards in height,

and had increased from two thousand to more than

five thousand in circumference (Fig. 4). The fertile

plam of Campania was a desolate waste covered

with acrid ashes. Such had been the violence of

the explosion that these lay twelve palms deep

at Ariano, six-and-thu'ty miles away ; and stones

of considerable size had been projected, it is

said, to distances of more than sixteen leagues.

Tori'ents of mud had injured the lands on the

northern slopes of Somma, not much less than

those of lava had devastated the southern slopes

of Vesuvius. There, two great lava streams had

been emitted—one, parting into several branches,

had ravaged the country from Portici to Torre

del Greco ; the other the lands near Torre dell'

Annunziata. Both had reached the sea in three

or four places. Of the last town, only about

twenty houses remained. Parts of Pesina and

Torre del Greco were destroyed, and probably

about two thousand persons 2ierished.

From this tune, Vesuvius has seldom been at

rest for many years together. Violent eruptions

occurred, with the usual phenomena, and the form

of the central cone was frequently changed. In the

early part of 1751, the mountain was capped by an

inner cone and crater, built uj) in and overtopping

the rim of a lower crater. This was utterly de-

stroyed in the eruption which took place in the

month of October ; afterwards, there remained a

crater rather more than a mile in circumference,

and only 120 feet deep. Successive eruptions seem

to have again built up the cone, and in 1779, there

was an eruption hardly less violent than that which

had occuiTed just seventeen centuries before. Sir

W. Hamilton, who has left a most minute descrip-

tion of this eruption, tells us that the volcano shot

up a column of molten matter, like " a fountain of

liqviid transparent fire," to a height of full ten

thousand feet. This was swayed by the wind

towards Ottajano, and covered, in its

fall, the whole cone with a body of Are

two miles broad. This town, on the

northern slope of Somma, and three

miles away from the crater, well-nigh

met with the fate of Pompeii ; the ashes

lying in the streets as much as four

feet deep. In 1794, there was an erup-

tion hardly less violent, as the lava

flowed through Torre del Greco to the sea. In

1822, the greater part of the central cone was en-

gulfed, and its rim, instead of rising above the edge

of Monte Somma, stood from three to foiir hundred

feet below it. Since that time it has again been

built up, and at present is about 4,250 feet above

the sea, and nearly 500 above the highest part of

Somma, and about 1,700 above the Atrio del

Cavallo. The annexed diagram (Fig. 5) represents

its outline in 1876, and a comparison with the

previous one, and of both with that near the begin-

ning of this article, will give some idea of its

changes in form. The last of these (Fig. 2) probably

represents the mountain much as it appeared pre-

vious to A.D. 79 ; Fig. 4, its form after the eruption

of 1631, and again after that of 1822.

Such is the story of Vesuvixis, one which may
stand as a type for that of many volcanoes, illus-

trating the mode in which they are formed. Once

it was thought that comparatively little of a crater

was constructed of the pHed-up scoria and lava

driblets ejected from its orifice, but that when this

opened, strata previously horizontal were elevated

in a conical form around it, by the upward pressure

of gases and lava struggling to escape. Now it is

4
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held that such elevation takes place to but a slight

degree, if at all, and that the greater part of a

volcano is composed of the materials which it has

vomited forth. In the story of the cone of Vesuvius

—built up from the floor of Somma to a height of

full five huudi'ed yards, and more than once almost

banks of ashes are regularly arranged or have a

uniform slope, but present the same characteristics

as those in the modern cone. We see that the flows

of lava have not spread themselves out on level

ground and then been tilted up, but have run irre-

gularly, in driblets and clinkery streams, as if they

Fig. 5.—Vesuvius, fkom neab Naples, in 1876.

(A) Cone; (b1 Somma; (c) Pedimcntlno, Site of destroyed Part of Crater; (d; Hermitage; (E) Lava Streams.

wholly destroyed, and reconstructed—we see what

the volcanic forces are competent to perform ; and

when, after examining the structure of the cone,

with its driblets and dykes of lava and its irregular

layers of scoria, we wander below the crags of

Somma to the Atrio del Cavallo, or seek the

ravines which the rills of rain-water have worn in

its flanks, we notice that neither the lava-beds nor

had solidified on a slope, and that both they and

the beds of scoria quickly change their character

when traced horizontally.

Thus, in the history of Vesuvius—which is con-

firmed by that of every other volcanic mountain

which has been carefully studied—we find evidence

to show, beyond reasonable doubt, that a volcanic

mountain is its own architect.

CAN SCIENCE CONQUEE EUST?
By F. S. Bakff, M.A., Christ's College, C.^mheidge.

King.—" And is not this an honourable spoil ?

A ^lla,nt prize ? " .

Westmoreland.—" In faith,

It is a conquest for a prince to boast of."

First Pari of Kin^j Henry IV., Ad i., Sc. 1.

IT has been seen in a former article (pp. 41—47)
that the action of iiist is so destructive to iron,

from the nature of the chemical process on which it

depends, that a method for its i)revention is much
79

to be desii-ed, and it will, therefore, be not uninter-

esting to discuss this important question.

A few words will be sufiicient on the oldest,

perhaps, of all methods of protecting iron

—

viz., painting. Paint is made of some solid sub-

stance, generally the oxide or carbonate of a metal,

mixed with oil and turpentine, with oil alone, or

with some kind of varnish, which varnish is
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composed of a gum-resin, oil, and turpentine. Other

jiaints than these have been recommended and

used, but they are specialties, some of known,

others of secret composition. When an oil paint

is used, its protective action depends upon the

hardness which it acquires, and on its power of

adhering to the surfixce of the iron. If a paint

could be made Avhich would always adhere fu-mly

and have sufficient hai'dness, nothing more could

be required, because it would always preserve the

surface of the metal from the action of atmospheric

oxygen ; but it has been found that no paint has

ever been able to effect this object, as the oil at

first becomes hard l>y oxidation, and afterwards is

slowly destroyed by the same oxygen which gave

it a temporary protecting power. Again, certain

metallic oxides mixed with the oil have an injiu-ious

action on the iron itself, v/hereas some seem to

exert, for a time, a presei'vative influence. Well-

made varnishes harden almost immediately after

application, but they in time disintegrate, and allow

the pigments mixed with them to crumble off". It

is not to any organic substance, such as oil or gum-

resin, that we must look for arresting nist on the

surface of ii'on, as all organic substances decay

when exposed to the action of moisture in conjunc-

tion with oxygen. If only a temporary protection

for iron be required, paint will answer fairly well,

but as a permanent pi-eventive of rusting it is

simply useless. Certain compounds are advertised

and sold which are stated to protect ii'on eftectually.

Now, if such substances contain organic matters,

although they be mixed with silicates or other

mineral substances, which may increase their ])ower

of resisting decay for a time, still, sooner or later,

the same process of disintegration will destroy the

power of cohesion among their particles, and so

cause them to fall off from the surfaces to which

they have been applied. It is to something more

enduring than paint that we must look for effecting

the important object into which we are inquiring,

for nothing short of a mineral substance can ])0ssibly

prevent iron from rusting, and a mineral substance,

too, which, whether elementary or compound, is

able itself to stand against the action of those

agents to which the iron can be exposed.

It will be remembered by those who have read the

article on " Rust " that it was stated that zinc, when
covered with a film of white oxide, if exj^osed once

to moist air, did not further oxidise, and therefore

remained unchanged. On account of its jiossessing

that propeity, it has been used for the protection

of iron. The process in which it is employed is

termed galvanising ; but before describing it, it will

be well to consider the very interesting chemical

principles on which it is based. Some metals are

what is called chemically more powerful than

others, and therefore are able to displace them
from and replace them in certain compounds. A
very good illustration of this is afforded by the

lead-tree. If some acetate of lead be dissolved in

distilled water and be left to stand, should it be at

all turbid, till it gets clear, and be then poured

carefully into a white physic-bottle, and if a small

piece of zinc be suspended by a string attached to

the cork used for stopping the bottle, and the zinc

be allowed to hang in the solution of acetate of

lead, very soon beautiful arborescent crystals of

metallic lead will adhere to the zinc, and in time

the bottle will be filled with what is called a lead-

ti-ee, always supposing that sufficient acetate of

lead has been dissolved in the distilled water. In
this case Ave have in solution acetate of lead and

solid zinc. Zinc is chemically more powerful than

lead, and causes the lead to be deposited in the

metallic state, or throws it out, so to speak ; but

the zinc is dissolved up, and takes the place of the

lead—that is, becomes acetate of zinc. If sixty-five

grains of zinc be hung in a solution containing

three hundred and seventy-nine grains of acetate of

lead, all the lead would be deposited as metal, and

all the zinc would be dissolved up as acetate, so

that no metal but zinc woidd be found in solution

by chemical tests. Again, if the bright blade

of a knife, or any iron or steel articles, were

placed in a solution of sidphate of copj^er, tliey

would immediately be coated Avith copper. Part

of the iron being dissolved up would take the

place of the copper deposited, and become sulphate

of iron. For every 63 5 paits by weight of copper

deposited, 56 of iron would be dissolved up, and

this would take place because iron is chemically

more active than copper. In scientific language,

iron is said to be electro-positive to copper ; zinc is

electro-positive to iron—that is, it has gi-eater

chemical activity. If a plate of iron about an

inch and a half wide and three inches long be

placed in a glass containing water acidulated with

oU of vitriol, bubbles wUl be seen to form on its

surface and ascend through the watei*. These

bubbles are formed by hydrogen gas, which is

given off by the decomposition of the oil of vitriol

;

and if this action be allowed to go on long enough,

all the iron will be dissolved, and, taking the place

of the hydrogen set free from the oil of vitriol

—

or hydi'ic-sulphate, as it is called by chemists

—
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wdll form iron sulphate. Now, suppose a copper

wire to be fixed to one end of the piece of iron,

and a piece of 2dnc similar in shape and size to

the iron be fixed to the other end of tlie copper

wire, and both pieces to be immei-sed in the dihite

oil of viti-iol, the bubbles of hydi'Ogen will still be

seen to come from the iron plate, but it will not be

dissolved. The zinc plate will gradually disappear
;

and untU it is dissolved and converted into zinc

sulphate, the iron will remain comparatively un-

aflected. Some iron will be dissolved, but not much.

The apparatus necessaiy to perform this experi-

ment is very simple ; it is shown in the accompany-

ing illustration (Fig. 1). From this it appears

that m the pre-

sence of dUute

acid the zinc, at

its own expense,

protects the iron,

and it protects it

in this way : it is

chemically more

powerful than the

iron, and therefore

^^e is oxidised and

dissolved by the

oil of vitriol before

the iron is afiected.

Now, the stronger

the solution of oU

of vitriol, within certain limits, tlie more rapid wUl

be the action ; and, of course, the weaker the solution,

the slower will be the action. It is kno^vn that in

the air there are substances which produce a similar

effect on these metals. We have ali-eady seen m the

article on "Rust" that air and moisture produce

it on iron, and that they also produce it on zinc.

Now, when these metals are united, as they are in

the galvanising process, these destiaictive agents

attack the zinc first, as in the experiment described,

and the Iron is i^rotecteil by the zinc as long as it

lasts. This, thougli theoretically, is not practically

the case to the full extent. It is true that the zinc

does for a time protect the iron m this way, but

when parts of the iron get laid bare they rust,

although a large quantity of zinc remains in contact

with the iron. When oxidation of the iron does

commence in galvanised iron, its progress is rapid,

as it extends under the surface of the zinc coating

and throws it off, thereby exposing more iron

suiface to the rusting action ; and as it is seldom

thought necessary to pauit galvanised iron, the

jjrocess of decay usuallv goes on luichecked.

Pig. 1.—Showing Action of dilute Oil of
Vitriol upon a Zinc and an Iron Plate.

Coating iron with tin, or " tinning," is another

method supposed to be used for its protection. If

the expei-iment already described be again performed

—with this diSerence, that a piece of tm be sub-

stituted for the zinc plate—it will be found that

the iron wUl be first dissolved and the tin wUl

remain. The tin iised should be grained tin,,

not tm plate, for tm plate is only iron coated with,

tin ; but even with tm plate the action may be
illustrated, for if the tin be removed from the

surface of the plate in places, and If it be placed

in dilute oU of \'itriol, the iron will be dissolved

out and the tin will be left Here the tin affords-

no protection to the iron in the same way that

zinc does ; it only jirotects it against the action of

substances which affect iron, but do not readily

affect tin, by keeping it covered up. Whenever
the tin in places gets removed, the iron exposed to-

the action of destnictive influences goes tii-st, and

more rapidly because it is tinned. Tinned iron

is never used for outside work ; it is mainly em-

ployed for articles of domestic use, and particularly

for saucepans, in which substances are placed, often

of acid character, which would directly attack ii'on,

but have little or no effect on tm. Cast-iron sauce-

pans and Avi-ought-iron stewpans are tinned inside

only, and this for the same pur2:)0se. From what-

has been said it wUl be seen tliat neither tinning

nor galvanising can afibrd a penuanent protection

to iron against mst.

For pui-poses in which durability Is required, it

is manifestly impoi-tant that li-on should not be-

brought into contact with other metals when it is to-

be exposed to the action of air and moisture, for it

wUl suffer by the contact. If we examine the old

iron railings placed round the gardens in some of

the squares in London, we shall find that they have

decayed away close to the stone in which they are-

imbedded. Sometimes for three or four niches-

they taper downwards, and become A'eiy thin where

they meet the stone ; but the fastening which holds,

them In their sockets will be found to be 2)erfect.

Now, this fastening is lead, and iron is electro-

positive to lead, and therefore the lead has caused

the desti-uction of the iron. Tliat this is the ca.se

may be proved by substituting lead for tin in the

ex2)eriment before described.

Enamelling is another process which has been

a2>plied to iron to preseiwe it from rust. Enamels,

are glazes of various degi'ees of fusibility, and ai-e

composed of silica, or sand, an alkali, and one or

more metallic oxides, according to the quantity of

alkali useil and the nature of the metallic oxides^
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the enamel is made moi'e or less fusible. Borate of

lead is often used to increase the fusibility of

enamel, and sometimes in place of silicate. In apply-

ing the enamel it is reduced to a fine powder, and

floated or painted on to the iron siu-face, which is

then raised in a closed muffle to a sufficiently high

temi>ei'ature to melt the enamel, which, when cold,

adheres to the surface of the iron. Saucepans

and various articles of domestic use are treated in

this manner, and signs, advertisement plates, &c.,

of enamelled iron are largely used. For many pur-

poses the process answers exceedingly well, but

where there is any wear, as in the case of sauce-

pans, the enamel in time comes off, and then the

exjiosed surface of the iron rusts, and the iiist,

extending beneath the enamel, throws it off, so that

which is found in the form of sand on the sea-shore

in New Zealand, as stated in the article aVjove

alluded to. This black oxide of iron can be arti-

ficially produced in several ways ; by heating iron in

air for instance. If a piece of bright iron be made
red-hot in air, it becomes black ; and if the operation

be repeated several times, the black siirface will scale

off if the iron be gently tapped. Black scales are

seen in quantities round the anvil of the black-

smith ; these scales are not U'on, but black oxide

of iron. Again, if water be thrown upon red-hot

ii'on, on cooling a black coating will be formed

on parts of its surface ; and if the iron be ex-

posed to ail", it will rust only in places where the

black coating has not been formed, and where it

has been impeiiectly formed rust will apjiear only

Fig. 2.

—

Apparatus for Preparing Hydrogen Gas.

(A) Flask of Water boiled hy Spirit Lamp; (B b; Iron Tube, in wbich are placed Iron-Filinps or other Iron Fragments : (Cl Inclosurc of Fire-bricks ; (ODD)
Buusen Burners to heat ditto ; (e) Bottle inverted in Trough of Water to receive Hydrogen from Tulie F.

the protection it affords in such cases is but tem-

porary : for, in whatever way the enamel is broken,

the consequences just alluded to are sure to follow.

If any oxide of lead be pnt into the enamel, which

is sometimes done, it renders it unfit for articles

used in cooking, or in the preservation of food, as

acids act on the oxide of lead, and by dissolving it,

cause it to mix Avith the food ; and lead taken into

the system is a dangerous poison. Nor does it suit

for water-pipes, as pure water (and even impure

water), .slowly dissolves oxide of lead. Enamelled

articles often crack, through the unequal expansion

and contraction of the enamel and the metal.

I wUl now proceed to describe a method for the

preseiwation of iron from corrosion, of which I

have had several years' experience, and which does,

I believe, completely efiect the desired object. In

the article on "Rust" I mentioned an oxide of iron

which is perfectly unchangeable under the influence

of those agencies which pi'oduce ordinary red rust.

The black or magnetic oxide of ii'on is not aflected

by moisture, atmospheric air, or sea-water, as is

proved by the unaltered condition of that substance

after a longer time ; this coating is also one of the

black oxide. In preparing hydrogen gas in quan-

tity, scraps of iron or iron-filings are sometimes

placed in an iron tube and made red-hot ; steam is

then passed into the tube, and hydrogen gas passes

out at the end opposite to that at which the steam

enters. This can be easily proved by experiment.

Tlie accompanying illustration (Fig. 2) shows

the nature of the apparatus which should be em-

ployed. The same experiment can be performed in

a more simple way by those who have not chemical

apparatus at hand. If a piece of iron gas-tube be

bent so that the bent parf can be put into an

ordinary fire, if the bend be filled with small

pieces of iron—garden nails broken will do very

well (they must not be rusty)—if a cork be fitted

tightly in one end of the tube, which should project

some foot or more from the gi-ate, and if into a

hole in this cork a piece of glass tube be fitted quite

tightly, and be then connected with the spout of a

kettle by means of a piece of india-rubber tube, the

steam will pass from the kettle through the iron

tube and come in contact with the red-hot iron, by



CAN SCIENCE CONQUER RUST? 245

whicli it will be decomposed, and the hydvogen of

the st€am will pass out at the other end of the bent

gas-pipe. If a light be applied to it, if too much

iindecomposed steam does not pass out with the

hydrogen—and this can be regulated by not letting

the water in the kettle boil too violently—the

hydrogen will take fire ; or— what is perhaps

a better plan—the hydrogen can be collected

over water, as in the illustration ; the only thing

necessary to be done is to put a similar cork

and piece of glass tube into the other end of the

bent pipe, and to lead it by means of a piece of

india-rubber tube into the vessel of water over which

the hydrogen is to be collected. If in either case

the ii'on placed in the tubes be examined, it will be

found to ha^'e changed colour—it will be black ; if

the- iron, before it is exposed to the action of the

steam, be made quite clean, this change will be more

easily perceived. In these cases the oxygen of the

steam has united wdth the iron, forming the black or

magnetic oxide whose composition was given in the

paper on " Rust." If the pieces of black iron be now
exposed to moist air, and at the same time other

pieces be also exposed which have not been submitted

to the action of hot steam, they \\tI1 be found not

to rust nearly as quickly as the othei-s, but in a

short time they will rust ; so that the black oxide of

iron does not protect iron from rusting unless it be

made to adhere very closely to its surface, and this it

never does when formed in the way above described.

In order to explain this fully, it will be well to

consider, fii'st, the nature of steam. We are ac-

customed to say that we see steam escaping

from the mouth of a tea-kettle in which water

is boiling briskly. Now this is not correct; we
cannot see steam, because it is a transparent,

colourless, and therefore invisible gas. If a

small quantity of water—a drop or two—be placed

in a clean glass flask, and if the flask be heated to

a temperature of over 100° C, or 212° Fahr., the

water will be converted into steam, and nothing

will be seen in the flask ; but if it be allowed to

cool, a sort of mist Avill be seen inside it, for the

steam will condense, and will be eventually, as the

flask cools, deposited on it in small drops of water.

When steam is heated beyond the temperature at

which it is formed, it expands like any other gas,

and is completely diy. If the hand be passed

quickly through a stream of it issuing through a

pipe it does not wet the hand, nor does it scald it

;

whereas, if the hand be passed through what issues

from a boiler or a kettle-mouth it is wetted and

scalded. Tliis is one way by which we test whether

steam is dry or wet ; another is by looking to see

if the vapour is at all visible ; if it is, the steam is

not diy. In the article on " Rust " it was explained

how air can hold water-vapour in suspension ; all

gases can do the same, and steam amongst the

number ; therefore we can have wet steam or dry

steam. The steam used in steam-engines is wet

steam, because it is generated in the presence of

Avater, for the boiler always contains water, more

than enough to generate steam requii-ed at the time,

and when this escapes into the aii- it is immediately

condensed, with the water-vapour which it holds in

suspension; and what is seen is not steam, but water-

vapour condensed into minute di'ops of water. Now,
wet or moist air produces rust, or red oxide of iron,

more rapidly in a warm than in a cold place, and

as the temperature increases the action becomes more

rapid ; therefore, when iron which is veiy hot is kept

for a short time in an atmosphere of moist steam,

the red oxide or rust is found on its surface. I must

now leave this par-t of my subject for a short time.

If red oxide of iron be placed in a tube, and

if it be made hot, hydrogen gas passed through it

will take away its oxygen, and pure metallic iron

Avill be left in a state of very fine division. Tliis ex-

periment is 30 interesting that I will explain how
it can be performed. The apparatus necessary

somewhat resembles that which is used for the pro-

duction of steam by metallic iron. Instead of

the vessel for generating steam, use one for evolv-

ing hych-ogen, and in the long tube, which in this

case may be of glass—" hard glass," as it is called—

-

place the iron-rust, or red oxide. If thei-e is any

difiiculty in getting enough of tliis, dry Indian red,

which can be bought at any ordinary paint^shop

and is very cheap, will answer the purpose ; for

although it may not be all oxide of iron, being

perhaps adulterated Avith other substances, yet there

will be enough oxide for this experiment. Instead

of the appai-atus required to collect hydrogen de-

scribed in tlie former experiment, it will be simply

necessary to conduct the pipe at the extreme end of

the tube into a small glass vessel—a large test-tube

will do very well, and this test-tube should be placed

in a vessel of cold water, so that the steam as it

issues may be condensed I will now describe the

apparatus for generating and drying the hydrogen.

First, take a bottle, as show^n in the illustration

(Fig. 3), through the cork of which is placed a tulip-

shaped funnel a, called sometimes a tliistle-funnel,

the end of whose tube should dip beneath the fluid

in the bottle ; then a short bent delivery-tube 6

should be put just through the cork ; a second ])ottle
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for drying the gas, arranged as shown, sliould be

connected by an india-rubber coupling with the

generating bottle ; and the tube conducting the gas

into it shoidd reach nearly to the bottom ; into this

Fig. 3.—Appajatiis for generating and drying Hydrogen.

bottle B small pieces of i>umice-stone should be put,

and these should be moistened with strong oil of

vitriol, and a small quantity of oil of vitriol, to the

depth of an inch, should cover the bottom of the

inside of the bottle. It ^vill be remembered that the

tulip-shaped funnel was iUusti-ated in the paper on
'' Rust " (Fig. 2, p. 42), and that the action of oil of

vitriol in absorbing moisture was explained. Let

the end of the pipe c be joined by an india-rubber

connecting-tube with the small pipe inserted in the

end of the long hard glass tube containing the oxide

of iron. Dilute some oil of -vitriol with water,

about one part to six or eight of water by measure,

stu- them well together \\T.th a glass rod, and

leave the mixture to get cold ; then put into the

bottle A some granulated zinc, or small pieces

of sheet-zinc, and having corked it tightly up and

made all the joints of the apparatus tight, pour

in through the tulijvfunnel the cold mixture of

water and oil of vitriol ; effervescence will take

place, and hydrogen will be given off, which will

be dried by the oil of vitriol in the bottle b ; it

will tlien pass through the oxide of iron, and out

at the end of the last delivery-tube.

If any air were left in the bottles along with the

hydrogen, an explosion would take j)lace when the

long tube containing the oxide of iron Avas heated.

To avoid this, collect some of the hydrogen from the

delivery-tube by holding it upright, with a test-tube

inverted over it

—

i.e., with its mouth downwards.

Still holding the test-tube in the same ])Osition,

remove it carefully from the delivery-tube, and

apply a light to its mouth. Should the gas light

quietly, with only a slight sound, and if the hydro-

gen burns quietly, all is safe, and you may light the

gas-burners beneath the tube contaiiiing the red

oxide of iron ; should, however, a shrill sound be pi-o-

duced on application of a light, wait a few minutes,

and then rej^eat the experiment, for the shrill sound

bespeaks the mixture of au- with the hydrogen, and

proves that it is not safe to heat the tube. In this

experiment, where so high a tempei-ature is not

required, two bui-ners, called Bunsen burners, which

can be bought for a few shillings, vnW. answer the

pui-pose for heating the oxide of iron instead of

a gas furnace, such as is shown in Fig. 2.

In this experiment, the oxide of iron will be re-

duced—that is, its oxygen will be taken away, and

metallic iron will be left ; now suppose this iron

were immediately ti"ansferred to the tube shown in

apparatus (Fig. 2), and if it were heated, and if steam

were passed over it, it would be converted into the

black or magnetic oxide. Now let us consider

what would take place in a hot chamber if iron

were submitted to the action of wet steam : red

oxide would at first be produced on its surface, and

hydrogen would be set free in abundance ; this

hydrogen, at the temperatiu-e, would reduce the

red oxide formed, and leave it as metallic iron in

tine diAision on the surface of the iron being acted

iq)on, and this iron, as the steam got dry from its

being heated to a higher temperature in the

chamber, would be converted into black magnetic

oxide, but its particles would be loose on the

surface of the iron. And then the process would

go on, and the whole surface of the iron would be

converted into black oxide, Avliich woidd hold down

these small particles, but which would not bind

them fast together and to the surface of the mass

of iron, and therefore there would not be perfect

coherence between the particles of the coating, noi'

would it adhere firmly to the surface of the iron.

But, as we have seen, a perfectly hard and adherent

coating only can permanently protect the iron, sa

that this would not do it, for on exposure to friction

it would rub off in places, and the iron, under the

influence of moisture and air, woidd rust.

In the earlier experiments to make the black

oxide foi-m a j^ermanent protection for iron against

rust, this difficulty was encountered, and for a long

time it seemed impossible to get over it, luitil its

cause was discovered, and then the remedy became

simple, though it took a long time to find out how-

best to apply that remedy. It may be interesting

to explain how the cause was discovered. A piece of

iron, after a short exjw.sui-e to the wet steam, was

accidentally taken out of the hot chamber, and

i
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found to have patches of red oxide upon it—or

rather, brown oxide, for it was in process of reduc-

tion to the metallic state. An examination at once

set the opei"ator a-thiuking why this should be, and

he was led to a conclusion which was subsequently

conlirmed by repeated experiments to be a right

one. And here let me remark that no training

that I know of is equal to the study of chemistry,

j)i-actically carried out, for shai-pening the powers

of observation fii-st, and of reasoning upon the

facts observed. To remedy this defect in ren-

dering the coating of black oxide adherent to

the iron, recourse was had to super-heated steam

"vvitli complete success. The steam was generated

in a flask, and was then passed through a coil of

\n])e, placed in the furnace, which became red-hot

;

the steam in its passage through the coU became

diy—that is, all vapoiu* of water taken np by

it in the genei'ating flask Avas converted into true

steam, or water-gas, and this, at a high temperature,

came in contact with the iron to be acted upon,

which was placed in another chamber connected

with the red-hot coil of pipe. The iron oxidised in

this way was found to be covered with a film which

adhered closely to it, and which coidd be x-emoved

only mth great difiiculty ; on exposure to water

and moist air it did not rust, and thus the problem

of rendering the black oxide of ii-on suitable for the

protection of iron against rust was solved. The

apparatus used in these experiments was not suited

for application to oxidising larger pieces of iron
;

and it may be interesting, as the process is quite

new, to show the various forms of apparatus which

have been used during the progi'ess of this invention

to bring it to such a condition as Avould render it

usefid in commercial undertakings.

Our illusti-ation (Fig. 4) shows the form of the

super-heater and oxidising chamber which was first

\ised. The super-heater was also the generator of

the steam—the coil of pipe placed in an iron

furnace answered this double office ; when the

furnace was at work the pipe became red-hot, the

lower end of the coil was connected with a cistern

placed about thirty-four feet above it, and water

under this pressure was allowed to enter the hot

coil. The water which first came in contact with

the red-hot iron was converted into steam, and
this, with the water pressure behind it, was forced

through the red-hot coil, and became super-heated

;

the place of this steam, as it escaped, was taken l)y

other steam formed in a similar manner, so that

the current of super-heated steam issuing from the

other end of the coil was continuous as lonsr as tlie

water-STipply lasted ; the issuing steam was allowed

to e.scape into an iron chamber or muftie, which

was heated by a fire beneath it, which played

Fig. i.—Form of Suiier-lieatev ami Osidiiiuy- Cliaiulcr wUi.li w;is

first used.
(A) Miifllc or Chamber, inclo?od liv Door ; (B) Test Tap ; (c) Stram Admissiou

Tap; (D) Hydrogen Outlet riin-.

around and above it by means of flues placed in

the brick-work in which it was set ; the mufile was

closed by an iron door, in which there was a small

tube fixed, through which excess of steam, and the

hydrogen formed in the process, coidd escape. The
hydrogen as it escaped was often ignited, and it

])Ui'ned with the characteristic non-luminous flame

of hydrogen.

After this apparatus had been used for some

time, a very much larger one on the same princii^le

was made, the mufile or oxidising chamber being

still of iron. After a time, it was found that this

kind of super-heater was not applicable to work
which had to be conducted on a commercial scale,

for in coaling the fire which heated it the super-

heating coil was often chilled, and thus wet steam

was projected into the muffle ; this was injurious to

the coating, as has been explained. On several

occasions the pressure of water was not sufficient,

and air got into the muffle; this, too, interfered

with the adherent properties of the black oxide ; it

was therefore found desiral)le to change the form of

the super-heater, and to generate the steam in a

sej)arate boiler. This plan has been tried, and

is found to answer very well. In oitler to

prove the possibility of oxidising very large

pieces of iron, the new chamber was built of fire-

bricks, and as this has succeeded well, a chamber

of any size so constnicted, and which can bo raised

to a sufficiently high temperature, can he employed-
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Iron chambers could not be made sufficiently large,

or ratlier, would be very expensive if made large

enough to oxidise veiy large articles. In Fig. 5

is shown a convenient form of apparatus, and

one very similar to that which has been in use for

some time. A is the oxidising chamber, b the

hydrogen escape by the pipe d d d. In conducting

the process, the chamber a is heated by the fire

beneath it, the heated air passing through flues

built up its sides, which meet in an open space

above the arch, and this space is again covered by
another arch of brickwork which is in connection

with a chimney about thirty feet high ; when the

chamber A is at a temperature of about 500° Fahr.,

which is sufficient to prevent the condensation of

the steam, the chamber is charged with the iron to

be treated; it is then closed, and is allowed to

arrive again at the same temperature ; the super-

heated steam is then turned in, it being at a tem-

perature of 1,000° Fahr., or even higher; in a

Fig. 5.

—

Apparatus for Oxidisi.n'g Iron.

(A) Chamljcr, or MiiRlo.in which the Iron Articles are placed; (B) Boiler; (c) Super-heater -.a Coil of Pipe supplied with .Steam from ii by Pipe 6, and passing
into Chamber by Pipe c; (dddd) the Pipe to .allow of the liberated Hydrotren escaping, and which is conducted into the Ash-hole under the Fire, ana
assists the Combustion of the Fuel. (The one Fire heats the Super-heater and the Boiler.)

boiler, c the super-heater, and h the tube which

conducts the steam from the boiler through the

super-heater. The steam need be under no greater

pressure than ten ])ounds. The super-heater coil

contains about forty feet of inch iron pipe ; it is

protected by fire-tiles at the sides and by fire-clay

alcove, so that the iron may not be exposed to the

direct action of the flames, which would cause its

somewhat rapid destniction. The super-heated

steam passes through the pipe c into the oxidis-

ing chamber a, and the excess of steam and

short time it makes the iron articles in the chamber

red-hot, and coats them with the black oxide. The

time during which the process is continued diflfers

according to the bulk of the articles to be oxidised

:

from five to ten hours is about the limit. The

operation, after a little experience, can be cai'ried

on with certainty. This process is applicable to

almost every sort of article ; and the results of ex-

periments carried out by competent people, extend-

ing oA-er a space of upwards of two years, show

that iron, properly treated, does not rust even
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-wlieii exposed to very severe tests, such as the

action of sea-water, acid vapours in laboratories,

and other agencies, wliich in a few hours riist

unprotected iron. Pipes which have been buried

in the earth for a long time have been found to be

perfectly free from rust when examined.

HOW THE AIRS WEEE DISCOVERED.

By William Ackroyd, F.I.C.

THE gaseous state of matter is one of extreme

interest. It is believed to be the present

condition of many of the stars; it may have

been the firet condition of the earth ;
* and now

that the latter has cooled down to a solid habit-

able globe, it is still invested by a gaseous en-

velope (the ail-), and has very many kinds of gases

issuing from its vent-holes (the volcanoes). In the

present paper we pro2)ose to add a little more to

what the reader already knows about these gases,

and only a little ; for to give a full account of all

that is known would requii'e very much moi'e s^jace

than that allotted to us.

Rather more than a century ago, nothing much
was known about these gases, or aii's as they were

termed ; but soon was found out one of theii- most

remarkable qualities

—

solubility/ in liquids. To gain

clear notions, watch for a moment a very familiar

operation. A lump of sugar is put into a cup of

tea. Soon it disappears : it has been dissolved.

We accordingly say that sugar is soluble in tea,

and it furnishes us with an examjile of a solid

dissolving ia a liquid. Instead of sugai', we might

have put in treacle, which likewise would have soon

disappeared, giving us an example of a liquid dis-

solving in a liquid. We shall now give some ex-

amples wherein gases disappear upon coming in

contact with the surface of water, showing their

solubility in this liquid.

Ammonia gas is one of the most remarkable on

this account, for as soon as ever it is brought into

contact with water it disappears, because the water

absorbs or dissolves it so readily. The spirits of

hai-tshom sold by diiiggists is a solution of this

gas, and the ammonia may be di'iven from the

hartshorn in the follo^ving way. Let the spirit

of hartshorn be placed in the flask a, in the neck

of which a tightly-fitting cork is placed, with a

<Ielivery-tube b passing through the cork at one

end, and dipping into the trough e at the other.

The flask a rests on wire gauze, and under it is

placed a Bunsen burner. The trough e contains

* "Science for AH," Vol. II., p. 116.

80

mercury or quicksilver, and the vessel c d, with

its open mouth downwards, is full of it. As the

flask a is heated, ammonia gas passes down the

delivery-tube b, and if the end of the tube dips

Fig. 1.—Experiment demonstrating bow Ammonia Gias may te
obtained.

under the vessel c d, the latter will soon be filled

with ammonia gas. We shall explain this method

of catching gases more minutely a little farther on.

Next remove the end of the delivery-tube from the

trough e, and then take away the Bunsen burner.

Now that the jar c d is full of ammonia gas,

some of its properties are veiy evident to us. We
see that it is transi)arent and colovirless. Stray

bubbles of it have made us aware of its peculiar

and pungent smell ; but the property which we
wish to impress upon the reader can only be ren-

dered evident by another simple experiment. Place

a plate of glass over the mouth of the jar c d, and
now remove the jar and its contents to a basin of

water, placing it in precisely the same position in

the basin that it occupied in the mercury trough

—

i.e., -with the mouth do^^Tiwards and the end c up-

wards. This being done, remove the plate of glass

from the mouth of the jar, and so allow the ammonia
gas to come in contact with the water. In far less

time than one takes to tell it, the water has rushed

up into the jar. So soon as ever the ammonia gas
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was exposed to the surface of the water, the latter

dissolved it eagerly, the gas disappeared, and ex-

ternal pressure forced the water up into the jar to

supply its place.

Gases, then, are soluble in water, but exact ex-

periment has shown that they dissolve in widely

different degrees. We have some accurate data

on this subject given by the German chemist

Bunsen. He has shown, for example, that a

pint of water will dissolve 1,180 pints of ammo-

nia gas at the temperature of melting ice (0° C.).*

The following table shows how many pints of each

of the gases named are dissolved by one i>int of

water at this particular temperature.

Modern Name.

Ammonia ....
Hydrochloric acid

Sulphurous anhydride
Sulphuretted hydrogen
Carbonic acid or an- ~1

hydride . . .

j

Hydrogen ....
Nitrogen ....

Ancient Name.

Oxygen

Alkaline air ....
Marine acid air . . .

Vitriolic acid air . . .

Stinking sulphui-eous air

Fixed air . . . . .

Inflammable air . . .

Foul air

Empyreal or dcphlo- "1

gisticated air . . j

Nvunber of

[

Pints dis-

I
solved at

,

0'' C. by 1

I
Pint of

I

Water.

1180
50.5

53-9

4-37

1-80

0-019

0020

0041

Of all these gases, it will be seen that ammonia
is by far the most soluble, and that hydrochloric

acid stands next in order. The spirits of salt of

commerce is a solution of hydrochloric-acid gas in

water, just as spirits of hartshorn is a solution of

ammonia in water. If we were to place spii'its

of salt into the flask a (Fig. 1) instead of the

hartshorn, and then to heat with the Bunsen

burner, we should obtain hydrochloric-acid gas in

the jar c d, as we before obtained ammonia.

From the experiments with the ammonia we
learn two broad facts : (1) that a gas is readily

absorbed at a low temperature ; and (2) that some

of this gas is again expelled at a higher temperature.

This disengagement of gas when a solution of it is

heated may be explained in the following way :

—

A liquid will not absorb so much gas at a high

temperature as it will at a low one ; and as a

matter of experiment we know that, although a

pint of water will absorb 1,180 pints of ammonia
at 0" C, it will only absorb 4-14 pints at 40° C. If,

then, we had a solution of ammonia (water, so to

* .32° Fahrenheit. But among scientific men, Fahrenheit's

scale is used in no other country except England, Prussia, and
the United .States ; it is almost universally abandoned in favoiu'

of the Centigrade.

speak, ^17/^(7 with ammonia gas) at 0° C, and if we
were now to heat it up to 40° C, roughly speaking

three-fifths of the dissolved gas ought to be given

off, because of the decreased dissolving power of

the water, owing to the rise of temperature.

The amount of decrease of absorption has been

ascertained for many gases. The first line of ac-

companying figures shows how many pints of gas-

a pint of water absorbs at 0° C. ; the second line of

figures shows how many pints of the same gases are

absorbed at 20" C. A decrease will be noticed in

every case, save that of hydrogen.

6
g
d

1
<D

i
<

H

0" 1180
20° 680

O o

505
441

m<

53-9

27-3

4s a
0) be

4-37

2-91

a

o O

«
1

o -§ -S
!

-2
w" g

Q

1-80 •019 •020

0-90 •019 •014

•041

•028

For a very long time no one knew that spirits of

salt and spirits of hartshorn were solutions of gases.

It came to be found out in this wise. The cele-

brated Henry Cavendish, when experimenting on

hydrogen, attempted to make this gas by acting

on spirits of salt with copper. He obtained a

gas which seemed to disappear as soon as it came

in contact with water. Priestley repeated the ex-

periment, and ascei'tained that the cop2>er played no

part whatever in the phenomenon, and that a giis

might be obtained readily by heating the si^irits of

salt alone in a flask, and catching the gas over

mercury, as in Fig. 1. The gas he obtained he

called marine acid air; we now name it hydro-

chloric acid. It seemed to Priestley that spirits

of salt was nothing more nor less than a solution

of this gas in water, and the experiment imme-

diately suggested a new line of inquin^—ISIight

there not be many liquids deriving then- peculiar

properties from some gas held in solution in this

manner ] Following out this idea, in one of his

experiments he took spirits of hartshorn, heated it,

and arranged matters so that if any gas came off it

would be caught over mercury. His expectations

were realised, and he obtained a gas which he named

alkaline air ; we now call it ammonia.

It was not, however, all plaiii sailing. Attempt-

ing to get a gas from oil of ^dtriol (sulphuric acid),

he heated that stibstance as usual, but to no effect,

and, fmally giving up the attempt, removed the

candles he was heating the oil of %itriol with

before he disconnected the apparatus with the

vessel of quicksilver. Some of the mercury got
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into the boiling-hot vitriol ; there was a smash of

^lass, and a portion of the hot vitriol was projected

on to his hand, scalding him terribly ; but in the

midst of this disaster he had made a discoveiy,

for the air was tilled with a suflbcating odour of

burning brimstone, probably due to some new gas.

Priestley, nothing daunted, and all bandaged up,

proceeded the very next day to ascertain its cause.

He put a little mercury into oil of vitriol, heated

it, and caught over mercury a copious supply of

a new gas, then christened vitriolic-acid air, now
known as sulphurous anhydride. Columbus, in

searching for India, found America ; Priestley,

in looking for a gas from sulphuric acid, obtained

this sulphurous anhydride. Such discoveries have

been called pieces of luck ; it is, however, luck pro-

cured by indomitable industry^ and perseverance.

Sulphurous anhydride is very soluble in water,

standing next in order to hydrochloi-ic acid. It

is produced when one bums brimstone, the sufFo-

catiug smell being due to it, and it is quite iiTe-

spirable. At a low temperature (17"8° C.)—not .so

-cold, though, as some of the Aixtic winters—it is

condensed into a colourless liquid, just as steam

at a veiy much bigher temperature is condensed

into water. It soon takes the colour out of a piece

of paper dyed blue with litmus, and because of this

l^roperty it is used largely for bleaching, especially

for bleaching woollen goods.

In so simple a manner did Priestley discover

these three gases ; and a word here about the

man and his method of working will be instruct-

ive. He was bom at Fieldliead, not far from

Leeds, in the year 1733, and in after years he

commenced at the latter place his chemical re-

searches. His first ex])eriments of this kind were

on carbonic acid—a substance generated in large

quantity in the vats of a neighbouring brewery ;
*

and to this place he went for his supplies of it.

Untrained in chemical operations, he had, for lack

of money, to make his own apparatus, and one can

well imagine what crude devices he would attempt,

and what difficulty, as a reading man, he would have
in putting some of them into practice. His methods
in his own hands were, notwithstanding many draw-

backs, remarkably successful ; and one of his pieces

of apparatus, the pneumatic trough, is now indis-

pen.sable on the lecture-talde. Let us explain it.

The reader knows that the atmosphere ha.s weight,

and that in \-irtue of it water is pressed 32 feet up
a suction pump, and mercury 29 inches up a baro-

meter tube.t If you sink a tumbler in a basin of

Vol I., p. .52. t Vol I., p 105.

water, and then, inverting it, lift it bottom upwards

until the mouth of the tumbler is nearly at the same

level as the water in the basin, this same atmo-

•sphei'ic pressure keeps the water in the tumbler

above the level of the water c in the basin (Fig. 2).

Fig. 2.—Experiment illuftrating the Use of the Pneumatic Trough.

One might now place any light substance—as, for

example, a piece of coi-k—under the tumbler at

A, and it would at once rise to the le^'el b. In a

similar manner, putting the bowl of a pipe at A.

and blowing down the stem, bubbles of breath rise

in the glass vessel and soon fill it. This illustrates

all we at present want to know : Priestley's method

of caging gases in a manner that would effectually

admit of their inspection. The gases were in many
cases conveyed Jrom the generating apparatus, just

as the breath from the mouth in our illusti'ation,

to a vessel filled with liquid, which was gi-adually

displaced, and thus supplies of gas were inclosed

in a transparent envelope. Wben we employ the

pneumatic trough for gases that are soluble in

water, we have to use mercuiy instead of water,

otherwise the gas which we are attempting to catch

will mysteriously disappear. In such cases a small

trough is employed, as illustrated in Fig. 1.

Priestley's acknowledged ignorance of the chemi-

cal methods then in use, of the my.steiies surrounding

matrasses, ox-bladders, and the like apparatus, com-

pelled him to devise for himself, and the pneumatic

trough is jierhaps the handiest outcome of his in-

genuity. After making some very original experi-

ments with carbonic acid, forestalling the manufac-

turers of aerated waters, he turned his attention to

inflammable air, or hydrogen,;}: concerning wjiich he

ascex-tained what then appeared some very strange

things. Hydrogen seems to have been discovered

by Pai'acelsus in the sixteenth centuiy, l)ut

its properties were not exactly studied initil the

eighteenth century was getting far advanced. This

::: Vol. I., p. 282.
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Fig. 3. — Illustrating one of
Priestley's Experiments with
Hydrogen.

is one of the experiments that Priestley made with

it :—Within a jar, say A (Fig. 3), full of hydrogen,

a vessel c containing minium rested on the surface

of the water in a trough.

Minium is an oxide of

lead : that is, a body formed

of the metal lead and the

gas oxygen, just as rust is

formed of iron and oxygen.

It will be seen, then, that

the minium was thoroughly

surrounded by an atmo-

sphere of hydrogen; and

now Priestley, by means of a burning-lens B, con-

verged the rays of the sun on to the minium, with

Avhat appeared to him a very strange result. The

hydrogen gradually disappeared, the minium was

turned into blight lead, and the water rose in the

jar to the level c', to supply the place of the

vanished hydrogen. Where had the hydrogen gone

to?

It would be out of place here to confuse the

reader with the various hypotheses held by the

chemists of the time ; we shall therefore tell simply

what we now know to have happened in this

experiment.

Water is composed of hydi'ogen and oxygen

(p. 65). When the minium was heated by means

of the lens, the oxygen in it combined with the

hydrogen surrounding it to form little drops of

watei\ The minium was robbed of its oxygen and

reduced—to use a word often employed in chem-

istry—to metallic lead, an action Avhich we might

express by means of an equation thus :—

•

Minium. Water.

Oxygen andlead-)-Hydrogen— Oxygenandhydrogen-(-Lead;

which means that the oxygen was wrested, as it

were, from the lead to combine with the hydrogen

and form water.

The heating power of a powerful lens which

Priestley employed in this experiment was turned

to good use in making another discovery, perhaps his

greatest. It was on the 1st of August, 1774, that

he took some red ^precipitate, and arranged matters

so that he could heat it strongly with the sun's rays

whilst it was over mercury. Tlius, let c (Fig. 4)

represent a basin of mercury, having resting in it,

mouth downwards, a jar a b quite filled with

mercury, and with some red precipitate at the top

end B. The rays of the sun were converged on to

the red powder at B. The powder began to darken,

and soon the mercury within the tube commenced to

lower, as if some invisible gas were being prepared

in the higher portions of it. And this was really

the case, for by the heat of the sun Priestley had

managed to break up the red precipitate into-

mercury and oxygen. The mercury thus procured

ran imperceptibly into the other mercuiy of the

trough, but the oxygen remained as a transparent

colourless gas. This new gas Priestley found was a

Fig. i.—Illustrating Priestley's Discovery of Oxygen.

remarkable supporter of combustion, for a candle

that he put into it burned with extraordinary

vigoiu" ; he foiuid likewise that this new gas was

not readily absorbed by water.

Now all this was the preliminary work by means

of which a gi-and pi'oblem—the constitution of the

atmosphere—was solved. No one knew then that

the air they breathed was a mixture of oxygen and

nitrogen ; they knew only for certain that the

atmosphere sujipoi'ted animal life, had weight, and

in moving with great speed constituted the hurri-

cane. Its invisibility was a great drawback to its

investigation, and the methods for successfully

making researches on it had yet to be devised. A
lively conception of the difficulties standing in the

way of inquirers who sought to learn something

about it may be realised by thinking for a moment

of its qualities. We cannot feel or see it, nor can

we taste or smell it ; and the senses the chemist

so largely employs seem to be quite unavailable for

its investigation. If one draws a switch smartly

through the aii-, a sense of resistance is experienced,

and a whistling noise may be heard, but from this
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we are able only to infer its existence. The ques-

tion ai'ises, What is it made of] It was in attempt-

ing to answer this question that the scientific men
of the time became aware that they wei-e sur-

rounded by an oppressive darkness—a darkness that

could be felt—an Arctic night ; and in seeking for

light they wei'e tripped up at every turn for want

of means and by the previously made and erroneous

guesses—guesses which had lived so long as to come

to be regai-ded as truths.

But not to Priestley alone is due the honoiu* of

having lightened our darkness with regard to the

composition of the atmos2:)here. He shares it with

another worker of another country, Carl Scheele,

a Swedish ajjothecaiy. And before examining the

goal at which they both arrived, we shall derive

some instruction by travelling over the route taken

by the Swedish apothecary.

At the time of which we speak, Scheele dwelt at

Gefle, on the cold shores of the Gulf of Bothnia,

and it was in trying to make out the nature of fix'e

that he learnt some interesting facts about the

atmosphere.

He was no novice in the art of investigation, and

accordingly he proceeded with his work in a

business-like manner. In effect he said to himself,

" The air I breathe has certain qualities, and if I

find a gas with qualities differing ever so slightly

from these, I may conclude it is not common air."

These are his very words :

—

"(1) Fu-e burns for a certain time in a given

quantity of air. (2) If the fire does not yield

during combustion a gas similar to air, after the

spontaneous extinction of the fire, air is diminished

between a third and a fourth of its bulk.* (.3) It

is insoluble in Avater. (4) All kinds of animals live

but a certain time in a given quantity of confined

ail-. (5) Seeds—as, for instance, peas—will strike

roots, and gi-ow to a cei-tain height in a given

quantity of equally confined air by the addition of

some water and moderate heat.

" Hence, if a gas be exhibited similar in all

external appearances to air, but which, ujjon ex-

amination, wants the enumerated qualities (should

even only one be wanting), I should think myself

convinced that it is not common air."

Thus he thought, and as he worked he found
many gases which wanted these qualities and had

others instead of them. The gas which he named
stinking sulphureous air, now called sulphuretted

hydrogen, had several properties plainly not belong-

ing to common air. Although transparent and

* The exact fraction is one-fifth.

colourless, it was obviously very soluble in water,

and had a smell as of rotten eggs ; it, moreover,

formed a yellow substance when passed into a solu-

tion of the metal arsenic. The fact that one may
obtain coloured bodies by jiassing this gas into

solutions of other metals makes it now a very

valuable substance to the chemist. If we had a

solution (b) containing the following dissolved metals

—lead, copper, bismuth, cadmium, mercury, tin,

antimony, gold, and platinum—upon adding a little

spirits of salt to it, and then passing sulphuretted

hydrogen into the solution, all these metals would

be thi-own down, precipitated, as bodies called sul-

phides.

More instructive still would it be to have each

metal dissolved by itself, and then to pass the gas

into each solution separately. We should obtain

black substances, or precipitates, in the solutions of

mercury, lead, bismuth, copper, gold, and platinum,

yellow precipitates in the solutions of cadmium and

arsenic, and an orange-coloured jirecipitate in the

antimony solution. The colour of the precipitate

in the tin solution would be dark brown or yellow,

according to this metal's chemical state. Some
metals are not precipitated from a spii-its-of-salfc

solution, as, e.g., iron, zinc, manganese, nickel, and

cobalt, and may therefore be readily separated from
those which are precipitated. Because of this

property, the gas is of the greatest importance in

analysis. Tlie gas is evolved from volcanoes, and
where produced deep in the earth may be dissolved

to some extent by the water, and thus give rise to

spi-ings of water of peculiar odour and medicinal

power, as in the case of the Harrogate waters.

To pi-epare the gas

—

^

Into the flask A, with

a cork and delivery-

tube c, place some

pieces of sulphide of

iron, and now add to it

dilute oil of vitriol.

The gas will come off

abundantly, and may
be passed into various

solutions of the metals

to test the property of precipitate-making which we
have described.

This discovery of sulphuretted hydrogen was
perhaps one of the most important that Scheele

made. Let us now inquire with what kind of

tools he worked. The accomjianying engraving

(Fig. 6) of the page of illustrations in his famous

treatise, will give us correct ideas in this

Fig. 5.—Illustrating the Prepara-
tion of Sulphuretted Hydrogen.
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matter. His gases Le cauglit in ox-bladders, as

represented in Fiys. 3 and 4, and in Fig. 3 we see

one of them tied to the neck of a retort to catch

the gas which is being generated in that vessel. We
have already spoken of the combiiiation of oxygen

and hydrogen, and Fig. 1 illustrates an experiment

in which hydrogen is made to combine with the

oxygen of the air. The bottle A contains the

materials from which the hydrogen is rising, say

zinc and dilnte oil of vitriol, and into its cork a tube

is fitted, from which the hydrogen issues and is

in volume of tlie inclosed gases is observed, and

after burning a little while the candle goes out.

The burning of a candle has often been compared

to the life of an organised being, because the latter

similarly requires oxygen, which it replaces by

carbonic acid, and when it has no longer a supply

of oxygen it dies. This analogy is borne out by
another experiment, which shows that "all kinds

of animals live but a certain time in a given

quantity of confined air," and it is probably one of

the earliest of the kind made. Turn to Fig. 5.

Fin.

Fig. 6.—Showisg the Apparatus used Bi Scheele and figctked in his Treatise, "Chemical Obsektations and Experiments
ON AlK AND FlEE."

ignited. The vessel b b contains water. When,
therefoi-e, a flask is brought over the flame, so that

the latter may burn vx the centre of the flask, all

the oxygen within it is soon consumed, and fi-esh

access of air being prevented by the water in b b

stopping up the mouth of the flask, the liquid rises

in the flask as the oxygen disappears. In the

experiment figured, the water rose to d; the light

then went out for want of a further supply of

oxygen, and the hydrogen still issuing from the

tube, the water gradually receded again. Fig. 2

illustrates an experiment wherein a candle was

made to burn in a limited quantity of air. Now,

as the oxygen u.sed up in an experiment of this

kind takes about the same room as the carbonic

a«id produced in its stead, scarcely any alteration

The large basin contains lime-water, which, as the

reader is aware, i-eadily absorbs carbonic acid to

form chalk.* The bottle b has a hole boi'ed

in its bottom a, and into the neck a cork is

tightly fitted with a glass tube passing through

it. Around the cork is laid a ring of jjitch.

Having now put a bee into an open glass along

with some honey on a paper, this is set down

on the pitch in an inverted position, b and c now
form as it were one vessel, the upper portion c

communicating with the lower b by means of the

glass tube passing through the cork, and the only

opening A Ls in contact with the lime-water. This,

then, will be the order of events. The insect will

live in the vessel c as long as there is oxygen to

*Vol. I., p. 53. I
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support it, and all the carbonic acid produced by

its respiration -svill be absorbed by the lime-water.

The latter will be forced up into b by the external

atmospheric pressure to supjily the place of the

absorbed carbonic acid, and will furnish a rough

measure of the oxygen originally contained in the

air. In one of Scheele's experiments the lime-water

rose to E in seven days, and then the bee was

dead.

With such instrimients and by such ways, differ-

ing from modern methods only in degi-ee of refine-

ment, Scheele arrived at the conviction that common

air is a mixture of two gases: that one of these

enables a candle to burn, an insect or higher organ-

ism to live ; and that the other, quite differently, if

alone, puts out a candle or destroys a life. The life-

sui:>poi'ting constituent is now called oxygen ; the

gas which will not support life is called on that

account in France azote, in England we name it

nitrogen. As the outcome of the labours of Priestley

and of Scheele, we now know that every five pints

of that ocean of air at the bottom of which we live

consists very nearly of four- pints of the nitrogen

and one pint of the oxygen. Although in the race

to arrive at this conclusion Priestley was somewhat

ahead of his Swedish brother investigator, he does

not fail, in his published works, to honourably share

the credit. We may, in fact, liken them to two

travellers of different nations, who by diverse I'outes

have arrived at the same wished-for goal, and credit

is equally due to both, although in point of time

one may have been a little before the other. They

were Ijoth great workers, and in their investigations

exemplify well Burke's observation* that, " it has

been the glory of the great masters in all arts to

confront and to overcome, and when they had over-

come the fii-st difficulty to turn it into an instru-

ment for new conque.sts over new difficulties ; thus

to enable them to extend the empire of their science,

and even to push forward beyond the reach of their

original thoughts the landmarks of the human
understanding itself"

We have learnt, then, thus far, that one of the

most important properties of gases is their solu-

bility, a property which for long pi-evented the dis-

covery of ammonia and hydrochloric-acid gases; that

the extent to which any gas dissoh'es varies with

the temperature, being less at a high and greater at

a low temperature. We have yet one more fact to

think over, which will be grasped by our attempting

to answer the question : Why does soda-water give

ott" bubbles of gas when uncorked ?

The quantity of gas dissolved by a lifpiid is regu-

lated by the external pressure to which it is sub-

jected as well as by the temperature. The law

which it observes, generally known as the law of

Henry and Dalton, is a very simple one. Suppose,

for example, that we found one pint of water dis-

solved fourteen gi-ains of carbonic acid at the

ordinai-y temperatui-e and pressure, then, keeping

the temperature the same, we should find that with

a double pressure 2 X 14 = 28 gi-ains of the gas

would be dissolved, and wdth thrice the pressure

3 X 14 = 42 grains would disappear. Utilising this

fact, the manufacturers of aerated waters impreg-

nate their waters with gas at comparatively high

pressures. Consequently, when a soda-water bottle

is uncorked, the liquid in it is exposed to a much
lower pressure than that at which it was charged

with gas ; it therefore effervesces, and gives off a

quantity of gas all above that which it dissolves at

the ordinary atmospheric pressure. Natural aerated

waters abomid in many jiarts of Germany. In the

electorate of Hesse-Darmstadt and the Eifel such

springs are found in great numbers. Deep down
in the eai-th the carbonic acid is probably produced

by some process of vegetable decay, and the water,

bubbling up, comes in contact with the gas, dissolves

some, then makes its appearance at the surface as a,

sparkling fountain.

WHAT IS "WORK"?
By William Duxd.\s Scott-Moxcrieff, Civil Exgixeer.

IN a previous paper+ it has been exjJained that

poicer is that condition of energy which is

capable of being converted into work. The princi-

pal natural forces which were then alluded to wore

* " Reflections on the Revohuion in France," p 200.

t "Science for All," Vol. II., p. 97.

heat and the force of gravity. An illustration was
given of the manner in which the heat of the sun,

acting upon the great reservoirs of water in the

ocean, performs the loork of raising the clouds

which are afterwards stored as gi-eat acciunulations

of power or potential energy in upland lakes and



256 SCIENCE FOR ALL.

rivers. Although the word loorh is really applicable

to this process, inasmuch as it is one in which one

form of force or energy is converted into another,

in scientific language the expression is generally

employed to convey the meaning of useful work, or

energy acting thi'ough some medium arranged by

human ingenuity or intelligence. Of all natural

forces, that which lies nearest to our hands is the

force of gravity, and the one which has assumed a

place of next importance, in oixr own day perhaps

the place of gi-eatest importance, is heat. It is

chiefly to these two forces that we will still confine

our attention.

James Watt, when he was trying to discover a

measure of power by which to dispose of his steam-

engines, was among the first to fix upon a unit, or

standard of measurement by which all kinds of

work could be calculated and compared the one

with the other, and this standard has since become

universal. As it was of gi'eat importance that the

measurement should be of a kind to recommend

itself, from its simplicity, to every one interested,

James Watt first fixed upon the power or capacity

for work of a horse. Although this varied accord-

ing to circumstances, and was therefore far from a

scientific measui'ement in itself, it was made to

represent a fixed natural standard, and in this way,

after all, only gave a popular name to a really

scientific unit of measurement. Experiments were

undertaken to discover what work an average horse

was able to perform, and this was then calculated

in the form of so many pounds' weight raised a

certain height in a given time. It really does not

matter then how great or how little the work is

that a horse can do, or how greatly the best

horses of our own day excel those of the last

century ; the standard of work has been fixed and

remains unaflfected by any such changes. James

Watt estimated that the work of a horse, or, as

lie named it, one horse-power, was the equivalent

of the force necessaiy to raise 33,000 pounds tvoir-

dupois one foot high in one minute. This unit

varies according to the attractive force of the earth,

which in some parts is greater than in others, but

the variation is so slight that for all practical pur-

poses the definition is qiiite sufiicient, and a more

specific standard, such as referring the measure-

jnent to some one spot, has never been resorted to.

Now in this standard of measurement the reader

will notice that there are three elements, or factors,

namely, weight, or the amount of downward attrac-

tion exerted by the earth ; height, or the distance

ilirough which that attraction has been resisted;

and time, or the period during which the moving
energy of resistance has been continued. It becomes

quite clear then that the amount of work must vary

with any change in these conditions. If the weight

is doubled and lifted through the same distance in

the same time, the work done is doubled ; or if the

height is doubled, so is the work ; or if the same
lifting force is exerted during the same time at

double the speed, the height will be dovibled and the

work as well. In foreign countries, where the

measurement of distance difiers from the English

foot, and of weight from the English pound, the

unit of work of course varies in a coiTesponding

degree, but in most cases closely approaches the

original standard. In Fi*ance, for instance, the

British unit is greater than the French by the

fraction of little more than one-thousandth part.

In the paper upon "Power," it was explained that

the word was wi-ongly applied in the expression

" horse-power " dui-ing the early days of the steam-

engine, because the source of the power lay in the

boiler, and the variations in this essential element

were omitted from the calculation. The reasons for

adopting so imperfect a standard are to be dis-

covered in the absence of any instrument which

^v'as capable of measuring the actual mean pressure

of steam in the cylinder of a steam-engine, and for

lack of a better measurement the area of the jjiston

and its velocity or length of stroke were multiplied

by a constant number representing the pressure.

From the earliest days of the application of steam,

but more especially after its introduction as a prime

mover for propelling ships, our Admiralty have

been very extensive buyers of steam-engines, and

so they fixed upon a standard of their own for the

nominal horse-power of engines, and this became

aftei'wards a common measurement among steam-

ship owners. This unit was calculated by multi-

plying the area of the cylinder by the mean velocity

of the jjiston in feet per minute, by what now seems

to engineers to be an arbitrary constant number

7, and dividing the product by 33,000, or the

number of foot-pounds in one horse-power. If, for

instance, the ai'ea of a piston were 500 square

inches and its mean velocity per minute were 200

feet, then multiplying these together and the pro-

duct by 7, and then dividing by 33,000, it would

give us about twenty-one horse-power, the standard

by which the Admiralty would have bought or sold

the engine. This as a measurement of power is

illusory, because the power or capacity for work of

the boiler, which varies in different engines, is fixed

by the constant number 7. So that if this were
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La
Fig. 1.—Ulustrating the
" Horse-power Ifnit."

doubled in practice, by doubling the steam pressure,

the same engine would do twice the amount of work,

and the estimate of twenty-one horse-power would

be wrong by 100 per cent.

Let us see how this old standard of so-called

power has been gi-eatly given up and the more

reliable basis of actual work adopted in its stead.

The work of a horse being taken at 33,000 lbs.

raised one foot high in one minute gives us the horse-

power unit, and this divided by 33,000 gives the

foot-pound imit or the work

necessary to raise one pound

one foot high in one minute.

Now, on looking

at Fig. 1, the

standard work of

a horse may either be illus-

trated by a weight of 33,000

lbs. passing from a to b in

ijji !^ r B one minute, or by a weight of

y^^lil ^ 1,000 lbs. passing 33 times

against the downward attrac-

tion of the earth through the

distance from A to B. Just in

the same way, then, if we take

the cylinder of a steam-engine,

and suppose the area of the

piston to be 100 square inches, and the pressure

of the steam 10 lbs. upon each inch during each

stroke, then the total capacity for work ^vill

be equal to that of a weight of 1,000 lbs. multi-

plied by the distance travelled in one minute,

which (if we suppose the stroke of the piston to be

1 foot and the number of strokes 33 in one minute)

wUl be 33,000 foot-pounds or one horse-power.

Here, then, we have a measurement of work which

includes the essential element of power stored up
in the boiler as represented by the pressure of

steam in the cylinder, and it only remained to dis-

cover some means by which this could be accurately

ascertained in every case. When steam is admitted

into the cylinder of a steam-engine it may either

continue to follow the piston to the end of the

stroke in dii-ect communication with the boiler, or

this communication may be cut off before the

piston has reached the end of the stroke, and after-

wards the steam may urge it forward by its owti

power of expansion. In a fluid like water the

connection between the source of the power and

the point at which it is being converted into work,

must be continuous, because any interruption would
make a gap in which there was no water—and
therefore no j^ower and no work. But when steam

81

or any other elastic fluid is used, such gaps are

impossible, and as long as there is enough heat in

the steam to keep up the expansive force or

elasticity, so long will there be a capacity for work

upon every surface of the vessel confining it. In

the interior of a steam cylinder the surface that

becomes the medium for converting the expansive

power of the steam into useful work, is that of the

piston on the side which is in contact with the

steam, and as this moves along it conveys away
the power of the steam in the form of work. So

long as the steam remains hot enough to be elastic

it continues to do woi'k, and so long as it continues

to work it loses heat, and therefore elasticity, in

exchange for the work done. It is quite clear then

that if steam is allowed to follow a piston to the

end of its stroke in dii-ect communication with the

boiler, and then to escape into the atmosphere, there

will be a total loss of the working capacity of the

residual steam ; but if this lost steam is passed

into a second cylinder and made to do work there,

the waste will be greatly saved. In many engines

it is inconvenient to have two cylinders, and so the

same object is obtained by making one cylinder

double the length, and cutting off the admission of

the steam from the boiler at half the stroke, so

that what would otherwise be escaping waste steam

does useful work in expanding against the piston

during the second half of the stroke. Supposing

then that the work done by the full j^ressure of the

steam in direct communication with the boiler in

moving from A to B (Fig. 2) is represented by
the number 4, and that the steam being cut off

when the piston reaches B the rest of the work

Fig 2.—Section of Cylinder.

done by its expansion is represented by the number

1, then there will be a clear gain of 25 per cent,

to the steam user by making use of this steam

that would othei-wise have been lost. * As a matter

of fact, the gain is greater than 25 per cent, in

the case of steam cut off at half the stroke of

the piston, as may be seen from the following

* The supposed case of doubling the length of a cylinder

in order to use what would otherwise be waste steam is a

popular illustration of what would be difficult to explain

more technically.
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table, in wliich the mean pressure of steam in a

cylinder is shown under the portion of stroke at

which steam is cut off:

—

Tadle of Steam used ExrAKsivELY.

Pressure
of admis-
sion in lbs.

per square
inch.

Portion of Stroke at which Steam is cut off.

f i i

10

20
30
40
50
100

9-6

19-3

290
38-6

48-3

96-6

8-4

16-9

2o-4
33-8

42-3

84-6

5-9

11-9

17-9

23-8

29-8

59-6

James Watt had not only been the first to appre-

ciate the gi'eat saving of power and of fuel which

is illustrated by these figures, but had invented an

instrument for ascertaining the mean pressure in

cylindei's when steam was used expansively. It was

not until recent times, however,when improvements

in the making of boilers led to the adoption of higher

pressures and a greater expansion of the steam,

that the use of the instrument was revived, and its

construction improved. Although it is possible to

calculate what the mean
pressure of steam in a cylin-

der ought to be, when the

initial pressui-e and point of

cut offare known, in practice

so many causes are at work
to upset the theoretical re-

sult, that the insti-ument

referred to, which is called

an " Indicator" (Fig. 3), is

necessaiy in order to ascer-

tain what the mean pressure

actually is during any parti-

cular stroke. This ajipliance

is attached to the cylinder

in such a way that the steam

actsupon a small

piston, thrust-

ing it against

the pressure of

a spring which

has been previ-

ously adjusted,

and the resist-

ance of which is

tnown. Now it is clear that when the pressure

of the steam comes directly from the boiler, it

will suddenly force the piston of the indicator

against the pressure of the spring until it reaches

!illllB1Ml.ll

F'}g. 3.—Showing bow "the Indicator" tells
the amoimt of work done in a " Stroke" at
full Boiler Pressure.

a point at which the two pressures (that of the

steam on one side and the spring on the other)

are balanced, and this v^^ill indicate the actual

initial jiressure in the engine cylinder just as

clearly as any other form of gauge that could be
devised. This point, by a simple mechanical

arrangement, is indicated by means of a pencil,

A, upon a roll of paper that is wound round
a drum, d, as shown in Fig. 5. If then the

highest point which has been reached by the piston

of the indicator acting against the spring remained

fixed during the whole stroke of the engine, and if

then the di-um with the roll of paper is attached to

some moving part so as to revolve, the pencil,

remaining fixed at one point, will trace a straight

line. Referring to Fig. 3, supposing that the

pencil of the indicator presses upon the roll of

paper at the point of no pressure (a), then, when
the pressure from the boiler passes through the

valves and reaches the interior of the engine

cylinder, it will suddenly force the pencil to the

ix)int of known maximum pressure (b), and so long

as the pressure of the steam remains at the maxi-

mum, then, when the drum is revolved by means

of the cord, the line of departure from b yviW remain

horizontal. Supposing now the full boiler pressure

acts upon the engine and the indicator piston during

the whole stroke, then the diagram enclosing the

parallelogram (a b c d) will represent the work

done during one stroke, because it affords an exact

indication of the two factors necessary t-o the calcu-

lation, viz., the pressure of steam and the distance

travelled at that pressure, the aiea of the piston

and the number of strokes per minute being also

known. We have thus got everything necessary

to make a calculation of the nixmber of work units,

either in terms of horse-power or foot-pounds. It

has already been explained that using steam in the

manner indicated in Fig. 3 is wasteful, because at

the end of each stroke of the engine a cylinder full

of steam at the full boiler pressiu'e will be thrown

into the atmosphere, and all the work it was capaljle

of performing be for ever lost. We will now try

to explain what happens when the steam is cut off

before the end of the stroke, and how the efiect of

this is indicated by the altered shaj^e of the diagram.

The steam being admitted in the same way as in

Fig. 3, the pencil of the indicator will be again

forced from the point of no pressure A to the

point of maximum pressure at b ; and so long as

this maximum pressure is maintained, the line of

departure from b, as in Fig. 3, ^vill remain horizontal.

As soon, however, as the steam is cut off, by the



WHAT IS "WORK"? 259

action of the slide valves, say at c, Fig. 4, the

work of forcing fonvard the piston is immediately

done by the expansive force of the steam in

the cylinder alone, without receiving any fiu-ther

supplies from the boiler. The pressure of steam,

therefore, diminishes at the point c ; and a.s the

pressui-e of the sprmg beliind the piston of the

indicator is no longer balanced, it forces the pencil

to descend in a less sudden manner than it ascended

along the line A b, and thus traces a curved line

from c to E, produced by the rotary movement of

the tU-um and the downward movement of the

pencil. Here again, then, we have a complete

index of all that is necessary to calculate the work

performed by the engine during the stroke to which

the diagram refers. As the parallelogram a b c d,

in Fig. 3, represents the fidl boiler pressure indi-

cated by a properly adjusted pressure scale on the

line A B, multiplied by the distance thi'ough which

that pressure acts, as indicated by the line B c

;

and as these factors, along with the area of the

cylinder and the number of strokes per minute, are

all that is necessary to calculate the work ; so in

Fig. 4 we have a similar parallelogram (a b c f)

up to the point c on the line b c at which the

steam was cut off, the maximum pressure and the

distance during which it acted Ijeing represented by

the area of the figure A B c F. To this must be

added the remainder of the diagram (c f d e),

which indicates the mean pressure during the rest

of the stroke and the distance through which it acts

fi'ora F to D. In other words, the area contamed

by the figure A b c E D will re-

present the work done when the

cut off takes place at that portion

of the stroke re^^resented by the

letter c on the line c b ;

and the waste of steam

at the end of the stroke,

Fig. 4.—Stowing Work done under Maximum and Mean Pressure

instead of being a cylinder full at the maxi-

mum pressure indicated by the length of the

line A B, will be a cylinder full at a pressure

indicated by the height D E or g a, the loss of

steam, throAvn into the air at the end of the stroke,

being indicated by the area a g e D, or the

pressure A G multiplied into the distance travelled

by the piston in one stroke A D.

Among instniments of measurement, thei'e is none

that holds a more important place in the every-day

practice of mechanical engineers than the indicator

(Fig. 5), because it is by its means alone not only

tliat the actual horse-power, or rather horse-work,

of an engine is calculated, but also because it suj>-

plies an index of every form of en-or, both in the

adjustment of the slide-valve, and even faults in

the general construction of a steam-engine itself.

We will now go on to another branch of the

subject in which work is measured, not in relation

to the useful efficiency of pi'ime-movers, but in the

aspect of a force in relation to other forces. At
this point a pecuUar interest attaches to the work-

standard laid down by James Watt, because it has

since been emj^loyed as a unit of measurement in

the co-relations of forces, a subject which is identified

with many of the most brilliant discoveries of the

nineteenth century, and one which he would no
doubt have adorned by his genius if he had lived.

The early history of these discoveries, as often has

happened in other departments of science, was
made up of arguments brought forward by the

advocates of two rival theories, in which the com-

batants, by theu" efforts to adduce facts and deduc-

tions in supjjort of opposite oiDinions, gi'adually

supj)lied the materials for arriving at the truth.

True conceptions of the nature of different forces,

which are now the common property of any pei-son

of intelligence who pays a shilling for a text-book

and studies it, were, in the beginning

of the last century, exceedingly i-are,

even among the most profound mathe-

maticians, and mistaken notions retarded

the investigation of their relationships.

Heat was called caloric, and looked upon

by most men of science as an impalpable

fluid, the motions of which were studied

on this assumption. When such a theory

I^revailed, the idea of heat being con-

vertible into work, and work into heat,

must have appeared as altogether un-

warranted. Certain theories existed that

vaguely led to such a conclusion, but

they belonged to a period whose scientific

methods of investigation had been displaced by the

system of deducti^•e reasoning from facts, and such

authorities as Aristotle, or even Bacon, who had

both given expression to the idea of the co-relation-

.ship of natural forces, were not looked upon as being

of any weight, even at the time when the doctrine was
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on the eve of its demonstration. We are here tres-

passing \iY)OTi a subject that demands a larger share

of attention than can be devoted to it in this paper

;

but as no account of work would be complete with-

Fig. 5.—The Indicator.

out a reference to its relation with at least one force

besides that of gravity—viz., heat, we will try to

convey an idea of this connection in as few words

as possible. The first person whose mind was

thoroughly disabused of the notion that heat was a

subtle imponderable fluid was Count Rumford.*

* Count Rumford, whose name was Benjamin Thompson, was
driven to Europe for his loyalty during the Revolution in

America . He attained distinction in Bavaria, and chose his

title fi-om the village he had left in New Hampshire.

When he was superintending the boring of cannon

in Munich, he noticed that the heating, which was

the conseqxience of the friction of the tools xxpon the

metal, was derived from an apparently inexhaustible

source, and so he very reasonably con-

cluded, in his own w^ords, " that anything

which any insulated body, or .system of

bodies, can continue to furnish without

limitation cannot possibly be a material

substance." Such ideas about heat and

work were at first the possession of the

few, but soon began to be the founda-

tions for the investigations of many.

The steam-engine was beginning to be

looked upon as a heat-engine, and the

source of the power traced to the fuel

in the furnace. Then men of science

began to ponder over the relationship

between heat and work. Sadi Carnot, in

trying to discover how work is 2}'>'odticed

from heat, was labouring at one side of a

calculation, that may be roughly illustra-

ted by su])posing a person to be working

at the relationship between 2 and 3, and

thereby suggesting to another the re-

lationship between 3 and 2, or liow heat

is producedfrom work. About this time

another natural force, which had been

considered by many to be such another

imponderable fluid as heat, was sus})ected

to be in the same category, and this was

afterwai'ds proved to be the case by

Seebeck, in the production of electro-

motive f«rce from heat, the heat itself

being produced, if necessary, from other

forms of force which were capable of

exact measurement in terms of the work-

unit of foot-pounds.

Sir William Thomson applied the work

of Carnot to devising a thermometric

scale, based upon the relationship of work

and heat ; and this again opened up a

new conception of the limits of tempei-a-

ture which had never before been thought of.

Count Rumford extended his experiments upon the

production of heatfrom work to the effects produced

upon water by churning, and in doing so had worked

in a dii'ection that in other hands opened a new
chamiel for a discovery of their relationship. The

question remained, how much work will produce a

certain amount of heat, the work-unit being taken

at one pound raised one foot in one minute ? The

answer was given by Joule, of Manchester, Avho
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announced to the world, in 18-49, that if the unit of

heat is taken to be the amount of heat necessary to

I'aise one pound of water one degi*ee Fahr. , then the

equivalent of work necessary to produce a heat unit

is 772 pounds, falling through a space of one foot.

Applying this to the case of a steam-engine of one-

horse power, we find that if we estimate the

calorific efficiency of one pound of coal at 12,000

heat-units (which

is perhaps the

nearest approach

to the truth that

has yet been

made, then the

work-units it con-

tains will be

12,000 X 772 =

9,264,000 foot-

pounds, whereas

in the best en-

gines this amount

of fuel is capable

of developing only 990,000 foot-pounds per liour.

The importance of the discovery of the exact

mechanical equivalent of heat in the every-day work
of the mechanical engineer it is impossible to over-

estimate. As it is his principal business to insure

economy in the use of those stores of energy which

we discover in our coal-fields, the knowledge of the

exact relationship which ought to exist between

heat and work is the basis upon which waste and

loss is calculated. By this knowledge he has a

goal, which all his efforts should be strained to

reach. Xor is the margin between theoiy and

practice so naiTOw that no room for improvement is

possible. In a first-rate steam-engine, about eight-

ninths of the capacity for work stored in the fuel is

Fig. 6.—The Dynamometer.

lost. This startling discovery would never have

been made but for the patient exi)eriments that led

to the gi'eat announcement of Joule, which has

thrown a light at the same time upon other de-

partments of industry, in which the waste goes on

in a still more outrageous proportion.

For the purpose of estimating the total amount
of work performed by such a prime - mover as

a steam - engine,

there is no more

reliable instru-

ment than the

indicator which

has ah-eady been

described, but it

is often of great

importance to be

able to ascei-tain

what amount of

work is being ab-

sorbed by friction

amongthe moving

parts of the engine itself. For this purpose a dyna-

mometer (Fig. 6) is employed, by which the amount

of work done by the prime-mover, over and above

that which is required to overcome the friction of

its parts, is asceilained. This is done by loading a

friction-brake (a) to a kno-svn amount by weight (w),

and estimating the woi'k done in a given number of

revolutions of this drum. Deducting this amount

of work, then, from the total shown by the indicator,

^vill leave a balance that represents that which is lost

in overcoming the resistance inherent in the moving

parts of the engine. Mr. Frond, within the last

few years, has opened up a new field of inquiiy by

this means, which is of itself an important contri-

bution to the science of practical dynamics.

' ti
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THE HAND.
By F. Jeffrey Bell, B.A., F.Z.S., British Museum.

IN treating of any part of the body, we may deal

with it in one of two ways ; we may speak of

its uses or functions, its present powers, and its

educated possibilities, that is, we may treat of it

from a i^Jiysiological point of view ; or, on the

contraiy, we may deal with its structiire, its

variations, and its histoiy, that is to say, we may
deal with it morphologically. In the present paper

we shall speak chiefly of this second aspect of cur

subject, and we shall at once commence what we

iiave to sa} witli a short description of the hiunau

hand
Like all similar parts, this may be divided into

three regions, the simplest names for which are

wrist (carjnis), palm (metacarpus), and digits. Of the

digits, or fingers, there are five, all but one of wliich

are provided Avith three joints [phalanges) ; the

single exception is the thumb, in which there are
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but two joints. The ordinary names for the otter

digits are (1) pointer or index; (2) middle finger;

(3) ring finger—so called as being that on which

Christian brides, at any rate, have been in the habit

of wearing the marriage-ring, and whence, as the

beautiful fable reports, a vein goes direct to the

heart
;

(i) little finger (minimus). That foot of a

verse Avhich is known as the dactyl, and which is

made up of one long and two shoi't syllables, is so

called from the Greek word for a finger. The palm

also exhibits the number five, consisting as it does of

five elongated and slender bones, terminating in

large rounded heads, on which the first joints of the

fingers can easily play (Fig. 1).

The wrist itseK is short and broad, and in man is

made up of eight bones arranged in two rows ; on

the one side it is connected with the bones of the

palm, and on the other with the outer bone (radiios)

of the fore-aiTn, and indirectly with the inner

bone (ulna). It will not be necessary to give all

the hard names of these, but there are one or two

which demand a special notice ; and first of all,

that which is connected with the thumb. As is well

kno^vn, this digit is, in ourselves, capable of an

extraordinary amount of movement, and by itself

might be said to be neai'ly equal to all the other

digits put together ; thus, it is capable of movement

in two distinct planes ; it can move inwards over

the palm, and it can also move dowaiwards so as to

be set at right angles to the palm and fingers. Such

an arrangement has naturally enough excited the

admii-ation, and at times inflamed the reason, of

naturalists. Tlie matter has been put in the clearest

light by Professor Owen, and we shall do well to

quote liis words :
" Man's perfect hand is one of his

peculiar physical characters ; that jjerfection is

mainly due to the extreme differentiation of the

first from the other four digits, and its concomitant

power of opposing them as a perfect thumb. An
opposable tlmmb is present in the hands of most

Quadrumana [the apes, &c.], bixt is usually a small

appendage compared with that of man." It may
therefore be supposed that the bone on which this

thumb plays is of a peculiar character ; and so it is,

for instead of having a simple rounded head, or a

correspondingly simple hollow to recei^'e a rounded

head, it is saddle-shaped on the face to which the

innermost bone of the palm—or that for the thimib

—is attached. Occupying almost the centre of the

wrist, though reacliing to the palm, is a large bone,

which is almost always known as the magnum, or

gi'eat bone of the wi-ist ; but it is eurious to observe, as

an example of the history of Comparative Anatomy,

that in most animals this bone is of a comparatively

inconsiderable size, while it may warn us against

the too common error of ai'guing from what
happens in man as to what will happen in the

lower animals. Of the remaining six, one, the pea-

shaped bone (jnsiform), does not belong to quite

the same seiies as the rest ; while two are con-

nected with the radial bone of the fore-arm, the

boat-shaped {scaphoid) bone, and the semilunar.

These various bones are moved on one another

by a number of muscles, wdiich form the fleshy part

of the hand, and these again are roused to activity

by nerves, and enabled to effect then- work by the

supply of nourishment afforded them by blood-

vessels. The muscles are arranged in two distinct

sets ; one the so-called ^eajors, placed on the palmar

aspect, flex or bend the fingers ; while others, on the

opposite surface, are the extensors, which draw the

finger-joints back again, or bend the back of the

hand on to the arm. It would not be right to give

here a detailed account of the distribution of these

muscles, but it will perhaps be interesting to explain

the anatomical relations wliich, in the pastime

of " Sir Creswell Creswell," prevent the tips of the

ring fingers from separating when the middle

fingers are flexed. The tendon which goes to the

back face of the ring finger gives off" two tendinous

bands, one for the middle, and one for the little

finger ; when, therefore, either of these fingers is

flexed, the ring finger has its tendon held down,

so that its proper action—which is, of course, to

extend the ring finger, or bend it towards the back

of the hand—cannot be put in use. We must not

describe in any detail either the nerves or the vessels,

though Avith regard to one of each a word must be

said. And first, as to the nerve, which is not only

one of those which go to the muscles, but one of

those by which we feel the action of various in-

fluences on the skin of the hand. We all know that

when we strike the elbow at a particular point, a

peculiarly painful sensation is felt in the hand

;

this, which is due, in the first place, to that law of

nervous action by which initation of a sensory nerve

gives rise to a feeling in the parts to which it is finally

distributed, is effected by the course taken by the

so-called ulnar nerve, which comes veiy near to the

surface at the elbow, and then passes on to the hand,

ffivinor oflf some branches to muscles, and some to the

skin. The vessel to which we would refer is that by

which we " feel the pulse
;
" it belongs to that

series which can-ies blood from the heart, or the

arteries, and is distinctively known as the radial

artery ; unlike most of that series it is at the
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wrist largely exposed, and so fomis a convenient and

ready method of testing the action of the heart,

rising and falling as it does after each contraction

of that organ. As to the skin, we need only point

out the complete absence of hair from the palmar

face, and the comparatively slight extent to which

it is developed on the back of the hand ; stUl, a few

words must be said as to the nails, without oiir

attributing to them as much importance as do the

Chinese, or those Africans that colour them yellow

-Bones of the Hand of Man
HI

(a) palm ; (b) back.

{epidermis) is merely thickened at the ends of the

different digits. Instances have been observed of

nails growing on the stumps of amputated fingers.

On account of the striking difierence in the

powers of the hand and foot in man, as compared

with monkeys, the terms Bimana (two-handed) and

Quadrunutna (four-handed) have been applied to

them respectively ; but with regard to this it must
be observed that there are numerous peculiarities

which dLstinguish the hand (Latin, manus) and

the foot (Latin, pes), and that with regai'd

to these points the foot of the ape is as

truly a foot as that of man ; and again, if

the word hand is to be taken as meaning

merely a seizing organ, then many monkeys
might be called five-handed, for their tail is

as much of use to them as their hands or

feet, and the elephant might at least be

credited with a very powerful hand, for its

triuik is a most useful, as well as a most

amusing and dangerous seizing organ. The
Greeks recognised this, as is showTi by theii*

having aj^plied their name for the hand to

the trunk of this creature. The difierence

between man and apes was insisted upon

by Blumenbach and Cuvier ; but the saga-

city of Linnaeus, the veritable father of

modern zoology, had saved him from such

a course, the ill-advisedness of which must

as it has, II, III., IV., v., indicate the Digits on Fingers; 1, 2, .3 (see Digit v In A and Bl mark Strike CVery One who haS SeCU,
the Phal.anpes orJoints;CiH) Magnum; (mtl Metararpals; («) Ulnar; (p) Pisiform;
(c) Cuneiform ; (sO Semilunar; (sc) Scaphoid ;

(twi) Trapezium ; (ir) Trapezoid. fallen tO the lot of the Writer tO See Ul. the

or purple. The peculiar points about the nails of

man are that they are all flat, and that they do

not in any way seem to aflbrd protection for the

ends of the fingers by growing round them, as do

the hoofs of the horse and cow, for example. As
regards the flattening of all the nails we must,

however, observe that in the orang, the chimpanzee,

and the gorilla the same obtains, while in the

gibbons it is only on the thumb (and on the great

toe) that the nails are flat. The white part of the

nail is known as the himda ; its appeai'ance is

probably due to the thickening of the " bed " of the

naU at this point and to the less rich supply of

blood-vessels, which shine through under the rest.

Among other proofs of these parts being nothing

more than somewhat altered parts of the skin is the

fact that they are made up, like the scarf-skin

itself, of flattened scales, while the younger parts,

just like the younger cells of the outer skin, are

more rounded and softer. The best proof of all is

afibrded by some of the frog family, where fhe skin

Museum at Antwerp, a man, maimed of

both hands, copying with exquisite precision some

of the glorious masterpieces which adorn the walls

of that building, in the city of Rubens. This artist

—we cannot call him this cripple—held a brush

between his toes, and, moreover, laid aside that

brush to wipe from his lirow the fated reward of

his labour.

Having commenced with saying that we would

deal more with the foi'm than with the function of

the hand, we might perhaps escape comment even

if we said not a word as to light or left-handedness

;

but all functions depend sooner or later on struc-

ture, and the "common error," of which a distin-

guished writer on the hand has spoken, "of seeking

in the mechanism tiie explanation of phenomena

which have a deeper origin," cannot be fairly taken

as applying to parts which owe all their activity

to the .supply of l)lood which they receive either

directly or indirectly. The exjilanation to which

the words just quoted referred was that " the

superiority of the right arm is owing to the trunk
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of the artery which supplies it passing oflf moi-e

directly, so as to admit of the blood being propelled

more forcibly into the small vessels of that arm

than the left." This explanation, indeed, has not

much anatomical evidence to support it ; but that

which ascribes the su2)eriority to the freer supply of

the blood to that part of the brain whence messages

are sent to the right hand has a strong basis in

fact. The question is one which has been much
discussed, and it is imj^ossible to give all the views

on it, but the ingenious explanation that those who
advanced the right side first in battle would be less

exposed to fatal wounds is one which it is right to

mention. There is a peculiarity in some right-

handed persons which is extremely curious : it is

this—they always deal cards with theii- left hand,

and that although for other pui-poses it is just as

useless as in most men. Finally, it may be men-

tioned that an eminent surgeon is reported to have

urged on his pupils that they should always knock

on a door vnth their left hamd—a forcible way of

putting the fact that success in surgery will always

come most largely to those who are ambidexter.

How far right-handedness is due to nature, and how
far to education, is a somewhat barren question,

as it is ob\4ous that a habit, if long enough brought

about by education, will come to be brought about

by heredity : that is, by nature, if the word nature

have any meaning at all in this question—a ques-

tion which, it should be added, has been jjut often

enough.

Turning now to the lower animals, to learn from

them some of the changes which this organ may
undergo, and to understand the degree of its per-

fectness in man, we commence with a few words on

the higher apes. It has already been pointed out

that the hand of the Quadrumana differs in no

essential point of structure from that of the Bimana

(man)—it " possesses not only every bone, but

every muscle which is found in that of man." The

difference lies in the degi-ee to which these are

developed ; thus, the thumb is in all cases smaller

:

but this of itself may be an adA^antage to them, as

they use theii' hands more for climbing than for

construction, and it is in those that are excellent

climbers or that live always in trees—in such forms,

that is, as the American spidei'-monkeys, the Asiatic

gibbons, or the African colobus—that we find the

thumb most reduced. But the han I itself is but

the terminal portion of an organ—the arm, which,

it is to be observed, is proportionately longer in

monkeys than in man. This jjeculiarity is also to

be noticed in children as compared with adults.

although, indeed, the representations of painters

often obscure it, so that much of what looks false

to nature in portraits of young princes, infantas,

and so on, is due to want of correct obsei"\'ation on

this anatomical peculiarity. This length of arm
seems to be inconsistent with the upright position

;

but we must remember that the higher apes can

move along without the aid of their hands, and

although, as Mr. Darwin tells us of the gibbon, they

move awkwardly and much less securely than man,

yet when this ape does walk upright it is reported

to only touch the ground now and then, just as

does a man who carries a stick without requiring

the use of one.

It is a general rule in all mammals—that class of

the animal kingdom to which man belongs—to have

never more than two joints in the thumb, and three

in all the other fingers ; and this rule applies also

to the corresponding parts of the lower limb—the

foot : in none of them, any more than in any bird,

any liAing reptile, or any one of the frog class

(Amphibia), are there more than five fingers to the

hand—except, of coui'se, in cases of monstrosity, such

as in six-fingered men or women. To the first rule

there is but one exception, and that is found among
those animals which, though living in the sea, are

veritable mammals, and which, like all others of

their class, are unable to breathe the air dissolved

in the water, and have continually to come to the

surface to respire ; these are the whales. In them

the hand does indeed seem to be very remarkably

metamorphosed ; seen from the outside, there is no

indication of the presence of separated fingers, not

even the slight one that could be given by the

presence on it of claws or nails : it is converted into

a flipper-like paddle, set close to the body. When,
however, the skin and muscles are removed it is

seen to possess wrist, palm, and four or five fingers,

just as does man, but the joints of these fingers

are not limited to two or three, and there may even

be as many as twelve or thirteen phalanges in some

of the digits. In those whales that develop whale-

bone in the place of teeth, many of the parts of the

hand never become bony at all, but remain cartila-

ginous ; the joints, too, between the different parts

are not developed, and the only power that the

hand has of yielding or bending is such as it can.

gain from the elasticity of cartilage. To show

how variable the number of the phalanges is, it will

be sufficient to state how they are set in the two

forms of whales best known to most of us. The

porpoise : this animal, which is not rai'ely seen

even as far up the Thames as London Bridge, ha&
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two phalanges in the thumb, eight in the next

finger, and then six, three, and two; in the common

dolphin there are two, ten,

seven, three, and one pha-

langes, while in the round-

headed form there are as

many as fourteen joints in

the index finger (Fig. 2).

Of the mammal class there

is yet another gi-oup which

is purely aquatic, and,

speaking generally, this

mode of life is about their

only point of similarity to

the whales. Of these, the

Sirenia (or mermaids), we

now only know two living

foi-ms ; a third form {Rhy-

tina steUeri) has died out

within the last century, but

fortunately the figui-e of

it was painted, and the

anatomy stiidied a little by

Steller, one of the com-

panions of the celebrated

voyager Behring. Owing,

probably, to their mode

of life these animals have
Fig. 2. — Hand of Eound-

, , , , i_ ^ • j_

Headed Dolphin. the hand converted into a

^'iink:'^L! c^^fprs'; ^nf^^mV) Arsl paddle, and no signs of sepa-
and fifth Metacarpal. „ i i j.

rate fingers can be made out

in the living form ; but the inspection of their

skeleton reveals the presence of a hand wliich, by

the possession of five digits and the ordinary num-

ber of phalanges, agrees essentially with that of man.

There is another group of mammals which, un-

like most of their kind, do not walk on land, but

are flying animals ; these are the bats (Chiroptera—
wing-handed animals). The accompanying figure

(Fig. 3) will show better than any description the

difference between the arms of these animals and

the arms of the birds who are, amongst vertebrates,

the flying animals par excellence. It is thei*efore

necessary only to point out that the surface re-

quired to support the animal in the air, and which

is formed by outgrowths of the skin itself, is chiefly

provided for by the great elongation of the Ijones of

the hand ; the thumb is not included in this fold

of skin, but forms a claw by which the animal

may support itself on trees and bars. The meta-

carpals (or bones of the palm) are gi-eatly elongated,

and, as a rule, are succeeded by two phalanges,

which are also very long and very slender. It is

82

Pcillcx; isc) sca-
iiid: {m^—m*i the

four Metac-irpaU.

striking to observe that, notwithstanding the

extreme length of the bat's hand, the number of

phalanges should be even less than

in man. The other members of

the mammalia which are able

to fly—the flying lemur of the

Indian Archipelago, the flying

squirrels, and the flying phalan-

gers of Australia (Vol. I., p. 198)

—are not aided by any modi-

fications of the hand, nor is their

flight long-continued or steady.

"We shall shortly refer to what

obtains in birds.

As we cannot deal with all the

marvellous variations in the struc-

ture of the hand which are seen

in mammals, we will pass on to

a gi'oup in which the reduction

of the digits affords one of the

easiest, as well as one of the most

instructive, series of changes which

can be found in the whole realm

of comparative anatomy : these are Fig.3.—Hand of Bat.

the hoofed animals, or Unqulata, of piioid

which there are two series, markedly

distinguished by many anatomical differences. For

our purpose the most imjiortant is that in one the

number of digits is always even, and in the other

always odd; to this, however, there ai-e two

curious exceptions. To the one gi'oup belong

the tapii-s, rhinoceroses, and horses ; to the other

sheep, oxen, deer, goats, and pigs. But with

regard to the tapii', that cm-ious, old-fashioned-

looking animal which is now found living only in

such widely distant regions as South America and

Sumatra, we have to observe that there are four

toes on the hand, though only thi'ee on the foot, and

that of these four toes the outer one has ceased to

touch the ground. The other exception is also found

in a South American form—the peccary ; but the

peculiarity here lies in the foot, in which there are

only three, and not, as in the hand, four toes. Of

all these beasts the most remarkable is the horse, in

which only one digit is developed and touches the

gi'ound. The bones of this member are greatly

elongated and are very strong ; the wrist, or carpus,

is even here made up of seven bones, the largest and

broadest of which is the one that we have already

heard about—the magnum ; in the metacarpus there

are two narrow bones, one on either side, which repre-

sent the second and fourth metacarpals ; these flank

a large and long bone—the highly-developed third
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metacarpal ; and this, again, is succeeded by three

phalanges, the two lower of which are broadened

out, and the last one most I'emarkably so. Owing
to the length of the bones below the carpals, the

A B

HI HI

Tig. 4.—Hand of Horse (a), Rhinoceros (b), and Tapir (c).

<r) Radius; (c) Carpus; (u) tJlna; ji., &c., mark Digits; (1, 2 3) Phalanges;
(»i2, )ii3, 7714) Metacarpals.

wi'ist gets to be so high from the ground that it

ordinarily goes by the name of the " knee" (Fig. 4).

In the rhinoceros three toes touch the gi'ound,

but the middle one is larger than those on either

side ; while, as we see in the above figure, the tapir

still retains its fifth digit, shortened a little though

it be. A still more instructive series of changes

has been made out by the aid of a study of some

fossil forms which were, without doubt, closer

C

4/

Fig. 5.—Foot of Anchiiheriuin (a), Hipparion (b), and Horse (c).

allies to the horse than are either the tapir or the

rhinoceros. These are known as Hipparion and An-

chitherium. When we •ompare—as by the aid of the

subjoined figure (Fig. 5) we are enabled to do—the

hands of these three forms, we observe that the toes

get shorter and shoi-ter, until at last the digits cease

to be developed. Nor is this all the story ; to explain

which we must say that the later periods of tlie

history of our earth are, or may be, divided into

five : Early Eocene, Later Eocene, Miocene, Pleisto-

cene, and Existing [Frontispiece, Vol. I.]. Now
the modern horse is only known in the last two of

these periods, Hipparion in the third and foui-th,

and Anchit/ierium in the second and third. A still

earlier form, to which the ever illustrious Cuvier

gave the name of Falceotherium, has not been foimd

in any layers which belong to a later period than the

Later Eocene ; in this fomi, again, there were only

three digits. In addition to this, we have to observe

that the rhinoceros has been found in Indian

deposits of the Miocene epoch, and the tapir in the

deposits of the same period near Auvergne. We
see, then, a series of changing forms going hand in

hand with changes in the earth's sui'face, while the

scarcity at the present day of the almost unchanged

tapii' and rhinoceros, and their greatly restricted

range, are full of significance as to the necessity

of adapting oneself to circumstances, when one is

desirous of continuing to exist.

Had we space, we might enlarge at greater length

on this most interesting and instructive subject,

and might draw many examples fi-om the even-

toed forms, but we must content ourselves with

attracting attention as briefly as possible to the

studies of a Russian anatomist, who illustrated the

reality of the great republic of Science by draw-

ing his examples from specimens in the British

Museum. This gentleman has, by the study of

fossil forms, shown that in some of these the median

metacarpals did not seize on the outer carpal bones,

when the digits with which these bones articulated

dropped away; and that such forms have disap-

peared. In others, again, such as the deer or the

ox, the carpal bones became connected with the

remaining and median metacarpals, so that in them,

just as in the horse, the number of bones in the

wrist is not very greatly reduced, and " a better and

more complete support for the body" is thereby

gained; such forms have not disappeared. To

these two modes Dr. Kowalewsky has given the

appropriate names of adaptive and inadaptive

modifications.

It is impossible to speak of the other mammals

;

and we must now begin to draw our notes to an end

by giving a rapid sketch of the dianges in arrange-

ment which convert the typical five-fingered hand

into part of a wing. In very nearly all birds

there are three digits, one of which is the thumb,
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wliich does not here disappear so readily, as it were,

as it does in so many quadrapeds. In many

birds this thumb retains a claw, in some the index

fini'er does so also, but in no known case is there a

claw on the third (median) digit ; the thumb is con-

nected with a short metacarpal ; the other two bones

" type " of such a kind at all ; whether it is so or

not, it is cui-ioiis to observe that such a " type

"

does exist in a remarkable form which has lately

been found in the rivers

of Australia, and of

which an instructive

figxire is given (Fig. 7, b).

We have now traced

_ _„. 6.—Bird's Arm.
(A) Humerus ; (r) Radius ; (u) Clna ; (c) Carpus; (>iO Metacarpus;

(1,2, 3) Digits.

of the palm are very largely fused into one bony

mass; and the bones of the wrist are reduced to

two (Fig. 6).

We come now to the final question—What is

the meaning of these relations common to all hands?

why is the number five so constant and so charac-

teristic, and yet why is it at times so extraordinarily

modified ? To answer these questions would be to

write a chapter in the History of Creation ; but at

the same time, there are a few facts which cannot be

passed over. When we examine the arm and hand of

one of the simplestof the five-fingered forms—a repre-

sentation of which is here given ( Fig. 7, A)—we find

(1) a single bone, (2) two bones, (3) a set of ten bones,

(4) a set of five bones, and (5) five digits with a

nmnber of bones in each. Along this we can draw

one straight line, and on one side of this four other

lines, passing out like rays from a central stem. It

is clear that the rays of the other side have been lost

if the hand of the Amphibian is really based on a

Fig. 7.—Diagram of Fore-limb of (a) Amphibian ; (b) of Ceratodus.

A.—(o Radius; (/o Humerus; («) Ulna.

the hand of man through various, though through

few seiies, and ha^'e seen how under vaiying cir-

cumstances its structure becomes altei'ed; yet, Avith

all these changes we have seen striking points of

similarity in all, and we have lastly been able to-

see a possible origin for all these forms ; so that we-

have had illustrated to us the two chief modes by
wliich peculiarities of structure are brought about
—" the influence of heredity," by which the "typical

form " is preserved, and the influence of sun-ound-

ing cii'cumstances and of changed habits of life,

which have effected the most wonderful changes in

arrangement within a comparatively restricted area,

of structure.

HOW GLACIEES MOVE.
By W. F. Barrett, F.R.S.E., M.R.I.A.,

Professor of Phtjsics in the Royal College of Science for Ireland.

IN a former article (p. 181, Vol. II.) we have seen

what a glacier is, and how, in the course of its

slow journey from the region of perpetual snow, it

exhibited phenomena of wonderful interest. But of

all these phenomena the mere fact of its motion is not

the least remarkable. We will now inquire how it

is that a seemingly solid, hard, brittle river of ice

j^asses from the uppt>r Alpine regions down into

the valleys among the vineyards, or in the Arctic

regions to the sea, accommodating itself to all the
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inequalities of tlie gi'oimd, and in nearly every

respect behaving just as if ^

it were a river of water.

That the glacier pos-

sessed some kind of vital

agency used to be a cui'rent

belief among the j^easantry

of the Aljjine valleys, a be-

lief that arose from the fact

that foreign bodies, such as

large stones, dropped into

a crevasse, were found after

weeks or months rejected

by the glacier. This appa-

rent rejection of bodies was

proved by ]VL Agassiz, who
placed plugs of wood at

vai'ious depths in a hole

dug for the purpose in a

glacier. These were suc-

cessively discharged, accord-

ing to their situation in

the hole. The rejection of

foreign substances by the

glacier is, however, only

apparent ; they remain in

their original position, but

the suiface ice of a glacier

being in a constant state of

liquefaction, the ice is gra-

dually melted to the level

of these bodies, and they

then become visible on the

surface. Many other illus-

trations of this glacial " ejec-

tion"might be given ; one or

two examjjles will show the

use that may also be made
of them in calculating the

rate of motion of a glacier.

An Alpine guide, named
Contet, found, in 1846,

fi-agments of a knapsack

which had been lost ten

years previously in a deep

crevasse ; the contents were

undestroyed and formed a

certain means of recogni-

tion. It was found on the

surface of the glacier 4,300

feet lower doA\'n than the

spot where it had been lost, giving an annual move-

ment of 430 feet. Tlie space travelled over includes

a spot where the ice is dashed over a rapid 1,000

feet high. Again, in the

highest part of a glacier

near Chamouni, a sudden

and noiseless descent of

snow carried over a preci-

pice, and buried, the leaders

of a party ascending Mont
Blanc. This was in 1820,

and happened only 1,000

feet from the summit of

Mont Blanc—at a height,

that is, of 14,700 feet. In

1861, some guides, while

crossing the lower part of

this glacier, foiuid bones,

skulls, knapsacks, and other

traces of this party. This

Avas at a height of only

4,400 feet ; the descent,

therefore, in forty-one yeai-s

was 10,300 feet, equal to

nearly 500 feet a year.

But the question remains,

how a solid and brittle sub-

stance like ice can behave

like a liquid, flowing do'vsTi

gentle slopes and accommo-

dating itself to its bed.

Thei'e have been many at-

tempts made by scientific

men to explain the river-

like motion of glaciers. The

valleys in which glaciers He

are always inclined, and

this led De Saussure, to

whose early and excellent

observations on glaciers

we refeiTed to in previous

papers, to suggest that the

weight of a glacier was

sufiicient to urge it down

the slope, the accumulated

snow above pressing it

downwards, the motion

being aided by the assumed

liquefaction of the ice on

tlie under surface of the

glacier from the natural

heat of the earth. But this

".sliding theory" is not only

insufficient to explain the liquid-like motion of a

glacier, it is obviously inconsistent with facts;
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for, among other reasons, even if the channel

were perfectly smooth, instead of having, iis is

the case, an uneven and rocky surface, no solid,

and therefore rigid, body would slide down unless

the slope were much gi-eater than it generally is in

the glacier valleys. The accompan\dng diagram

(Fig. 1), di-awn to scale from Forbes's observations,

will give some idea of the gentle slope of a glacier.

Another theory, proposed by De Chai-pentier, was

to the effect that the glacier was pushed down by

the force of expansion, arising from the freezing of

water. The body of the glacier was supposed to be

peneti-ated with minute fissures, which filled with

water in the day and were frozen at night; and

as water exjjands in freezing, this process, being

constantly repeated, was supposed to account for

the motion of the glacier. But this " dilatation
"

theory is still less in accordance with facts than the

previous one. For in winter the glacier ought not,

according to this explanation, to move at all, whereas

it does ; moreover, tlie changes of temperature

between night and day are fel t only to a very small

depth below the surface of a badly-conducting body

like ice ; and, again, there is no evidence to show

that a glacier is penetrated with minute fissures.

This was the state of knowledge on the subject

when the late Principal Forbes began his glacier

obseiwations, which led to the publication of his

"Travels in the Alps." Forbes first set to work to

obtain accm-ate data, and the observations he made in

1842 he has thus summed up :—(1) That the down-

ward motion of the ice from the mountains towards

the valleys is a continuous and regular motion, going

on day and night, without starts or stops; (2) that it

occurs in winter as well as in summer, though less

in amount
; (3) that it varies at all times with the

temperature, being less in cold than in hot weather

:

(4) that rain and melting snow tend to accelerate the

glacier motion; (5) that the centre of the glacier

moves faster than the sides, as is the case in a river ;

(6) that the surface of the glacier moves faster than

the bottom, also as in a river; (7) that the glacier

moves fastest (other things being supposed alike)

on steep inclinations
; (8) that the motion of a

glacier is not prevented, nor its continuity hindered,

by contractions of the rocky channel in which it

moves, nor by the inequalities of its bed
; (9) that

the crevasses are for the most part fomied anew
annually, the old ones disappearing by the collapse

of the ice during and after the hot season.

Tlie consideration of these facts led Forbes t-o the

conviction that the ice of a glacier behaved, not as

a rigid body, like stone, but as a plastic or viscous

body, more like dough or thick honey, though of

coui-se less fluid, and therefore less mobile, than

these bodies. Now, a solid and a viscous body

behave veiy differently on a gentle slope—the

former moves as a whole, the latter has a move-

ment of its parts analogous to a liquid. A mass of

])itch will, after some time, spread itself over the

surface on which it rests, through the continual

action of gra%'ity. According to Forbes, melting

ice is a body of this kind, hence the gradual creep-

ing of a glacier down into the lower valleys.* This

theory he cleai-ly states in the following passage :

—

" A glacier is a plastic mass im2)elled by gi-avity,

having tenacity sufficient to mould itself upon the

obstacles which it encounters, and to i)ermit one

portion to slide past another without fracture,

except when the forces are so violent as to produce

discontinuity, in the form of a crevasse, or more
generally of a bruised condition of the mass so

acted upon ; that, in consequence, the motion of

such a mass on a great scale resembles that of a

river, allowance being made for almost incomparably

gi-eater %-iscosity : hence the retardation of the sides

and bottom. Finally, that diminution of tempei-a-

ture, diminishing the plasticity of the ice, and also

destroying the hydrostatic pressure of the water

which fills every pore in summer, retards its

motion, whilst warmth and wet produce a contrary

effect."

This •• viscous theory " subsequently met with

vigorous opposition on the part of Professor Tyndall,

who contended that ice, even at the melting point,

was a rigid crystalline body, incapable of flexure,

and therefore unable to flow and to mould itself

to its channel. Dr. Tyndall thereupon proposed

another explanation, based on the curious property

possessed by thaAving ice—namely, the freezing to-

gether of those surfaces which are in contact. This

property was fii-st carefully examined by Faraday,

and named by him regelation. It can be observed

any day in the fragments of ice at a fishmonger's

.shop. It is familiar to every one in the manu-
facture of a snowball ; and it is by regelation

that the " snow bridges " are foi-med which often

* The term viscosity has been defined by Prof. Tait as "an
internal resistance to change of shape, depending on the
rapidity of the change," and, tlierefore, expresses "molecular
friction," which, ia a less degree, exists in fluids, both liquid

and gaseous, and in these bodies is generally known as the
" vnscosity of fluids." Frictional resistance to change of shajie

Ls not, however, quite the sense in which Forbes used the word
^•iscosity, but rather the gradual j-iehling of the shape of a body
under continued stress, to which the word plastic may more
strictly be a])plied, thus embracing semi-solid and semi-liquid

substances like mortar.
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span the yawning chasms in the Alps. It is

simply necessary to bring two fragments of ice

in contact Avith each other, when they will imme-
diately become cemented together. This, however,

will be found to occur only with thawing ice—that

is, -wdth ice at its melting

point—the surface of which

is therefore covered with a

tilm of water. If the expe-

riment be tried upon a veiy

cold day, when the thermo-

meter stands some degrees

below freezing point, it will

be found not to succeed,

ISTor can a snowball be made
mider such conditions ; even

if vigorously squeezed it

still remains a loose, inco-

herent powder. Both in

the snow and the ice an

exterior film of water is

necessary, for it is the freez-

ing of this film which glues

the fragments of ice or par-

ticles of snow together.

The cause of this rege-

lation we shall study di-

rectly; the fact of it occurring does undoubtedly

account for the conversion of the discontinuous neve

into the continuous ice of the glacier. Prof. TyndaU,

however, went further. Tliis distinguished physicist

and Alpine ti'aveller sought in regelation, as we have

said, an explanation of the behaviour of a glacier

;

the mobility of which, he asserted, was apparent, not

real. According to this theory, the ice is incessantly

being broken and crashed by the stmins and stresses

to which it is subject ; but after it has broken, rege-

Fig-. 2.—Iron Mould for sub-
jecting Ice to Pressure.

Fig. 3.—Borwood Mould for Experiment, showing shape that Ice
may assume under Pressure.

lation sets in, heals the wounds, and binds the ice

once more into a continuous whole. By some in-

teresting experiments on moulding crashed ice into

various shapes, through the pressure exerted by an

hydraulic press. Dr. Tyndall supported his theoiy

of " fractui-e and regelation." The accompanying

wood-cuts vnll show the shapes which ice can be
made to assume by simply squeezing broken frag-

ments powerfully together. Into an iron mould,
shown pai-tly in section in Fig. 2, ciiished ice or

snow is rammed
; the solid piston p is then forcibly

driven home, and a little cylinder of clear ice is-

produced. In like manner, the box-wood mould in

Fig. 3, shaped like a cup and ball, is able to

produce a cup of ice, and another mould a disc

of ice : placing these parts in contact, regelation

sets in, and freezes the whole together into a claret-

Fig. 4.

—

(a) Cup of Ice formed by squeezing its Component Parts
(B) together.

glass, as shown in Fig. 4. When a Bramah press

is not at hand, a large vice may be successfully

used in making the foregoing pretty experiment.

Magnify these moulds, as the eminent Swiss,

naturalist, M. De la Eive, has remarked, and
they become the borders of the valley through

which a glacier flows ; the weight of the snow
and ice al>ove takes the place of hydraulic pressure ;.

and gravity, incessantly in operation, causes the

ice insensibly to accommodate its form to that of

the valley. Thus ice seems to exhibit a plasticity

like soft wax. But ice, the same writer continues,,

is plastic only under pressure, not under tension.

This is the main fact on which the advocates of the-

fracture theory rely. Time and temperature are^

however, overlooked, and the introduction of these-

elements changes the aspect of the case. Let us,

therefore, look at the two theories in the light of

recent experiments on ice.

Forbes's theoiy of glacier motion, as we have

seen, rests upon the assumption that ice at its-

melting 2>oint is essentially a plastic body, and, like-

warmed sealing-wax, will bend in response to a

gentle continuous pressure, though it will snap

with a gi-eat and sudden strain. On the other

hand, Tyndall's theory is based on jwecisely the

opposite assumption : that ice is not plastic, but

crystalline, in its structure, and brittle in its be-

haviour. Careful experiments on the possibility of
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%>eiiding ice have been made. Canon Mozley, Mr.

Mathews, and othei-s, have shown tliat an ice-plank

at the melting point does gi-adually bend under

pressure, like a plastic body. More recent expei-i-

ments made on the Continent by Bianconi con-o-

borate this fact, thus proving that ice has a certain

•defn-ee of plasticity, notwithstanding its brittleness.

The ice-plank, though it can be bent by gradual

pressure, is shattered to pieces by a slight shock.

M. Bianconi has also shown that pebbles and other

solid bodies can be pressed into the ice, penetrating

it as they would a semi-fluid body, the particles of

ice rising up in a ring around the intruded body.

Another Continental physicist, Herr Pfaff, has ascer-

tained the amov/at of pressure necessary to displace

the particles of ice, and has proved that even the

smallest pressure acting continuously is sufficient

for this purpose if the ice and its surroundings are

kept approximately at the melting point. Under

a pressure of two atmospheres—say 30 lbs. on the

square inch—the ice, even at one degi-ee below its

freezing point, showetl itself so yielding that a little

hollow ri-on cylinder, half an inch in diameter, sank

an eighth of an inch into the ice in a couple of

hours. When, however, the temperature was four

or five degi-ees lower, the cylinder penetrated the

ice only one-sixteenth of an inch in twelve hours

:

and when the temperature was reduced to 18° Fahr.

below the freezing point, the cylinder almost refused

to enter the ice, penetrating only one-twenty-fifth

of an inch in five days under a pressure of five

atmospheres. In like manner the same observer has

shoTNTi that an ice-plank suffers a scarcely sensible

bending when the tempei-atux'e is much below the

freezing point, but that as soon as the tempei'ature

rose the bending was most marked and rapid, yet no-

where could the least ti"ace of a crack be discovered.

These important experiments, which quite corro-

borate the opinions held by Forbes, based on

observations long since made by M. Person, esta-

blish the fact that cold ice is a brittle, non-plastic

body, but that ice near its melting point is a yielding,

plastic body. It only i-emains, therefoi-e, to ascer-

tain the internal temperature of a glacier, both in

summer and in winter—for, as already stated, the

motion goes on in Avinter ; tlien, if the temperature

be found very much below the freezing point the

viscous theory must be given \ip ; if, on the other

hand, the temperature be found at or near its melt-

ing point, the fracture theory must be relinquished

as unnecessary, and less in accordance witli the

observed facts of glacier motion.

Thermometers liave been sunk deep in the ice of

a glacier, and careful observations made of the

temperature of the ice at various seasons in the year.

In every case the internal ice has been found close

to its melting point. At the bottom of a hole

bored 200 feet deep in tlie solid ice the temperature

in summer was found to be Sl;^" Fahi'., the melting

poiiit being 32° ; and in winter-time in the same

hole it was 28'^° Fahr., this being an exceptionally

low tenn>erature. The swifter motion of the glacier

in summer is thus readily accounted for. The

streams of water—arising from the snow and ice

melted on the surface—which, during the summer,

everywhere penetrate a glacier, raise its temperature

to the melting point; and in winter, when these

streams cease to flow and hard frost sets in, the

extremely low conducting power of ice for heat

preserves the whole of the glacier, except its

superficial portions, at a temperature little below the

freezing point. Knowing these facts, it is difficult

to withstand the conclusion that the viscous theory

maintained by Forbes is a true interpretation of the

flow of a glacier.

We need not do more than allude to the tlieoiy

proposed by Dr. James CroU, which supposes a mole-

cular motion of the ice. Here it is assumed that a

progi'essive liqiiefaction of the ice particles takes

place owing to the transmission of heat through the

ice. This theory, liowever, breaks down from one

fact, among others, that ice is not a conductor of

heat, as assumed by Dr. CroU, though radiant heat

is to a slight extent capable of traversing it.

Radiation and conduction are, however, different

things.

Having thus discussed the various theories of

glacier motion, let us, in conclusion, endeavour to

underetand that beautiful process of re-freezing, or

regelation, whereby the ice of a glacier contiimes a

compact mass in spite of its perpetual movement
and incessant fractures. The explanation of re-

gelation, like the cause of glacier motion, has

given i-ise to considerable diversity of opinion.

Farada)^ viewed the action somewhat in this

way :—A greater freedom of motion is enjoyed

by a liquid than a solid ; this freedom is fir.st

gained by the water at the surface of the iee,

for here the pai-ticles are bounded on one side only

by the solid mass, and by the atmosphere on the

other. Some controlling actioii may be assumed to

be exerted by the ]")articles of the solid on the one

side. When a second piece of ice touches the fii"st,

the layer of water is squeezed away at the points

of contact to the tliinnest possible film, and tliis film

finds itself bounded by solid surfaces on hot\i sifle.s.
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" The liberty of liquidity," as Prof. Tyndall puts it,

" at each point where the surfaces touch each other is

arrested, and the two pieces freeze together at those

points." In this explanation it is difficult to

account for the escape of the heat which is liberated

by the passage of the water into solid ice. This

difficulty is got rid of by regarding the interior of

the block of ice as colder than the exterior, the heat

diffusing itself by conduction into the mass.

Experiment shows that the interior of a block of

ice is slightly colder than the exterior, and upon

this fact Professor Forbes founded a different and

fuller explanation of regelation. The surfaces of

two blocks of melting ice which are brought to-

gether are vu'tually transferred from the exterior to

the interior. The ice on both .sides of the enclosed

layer of water will now be colder than the water,

and a new distribution of heat accordingly takes

place, the result of which is that the water is frozen,

as it is now in the central, and therefore coldest,

part of the block.

A third explanation of regelation has been given

by Professors James and Sir William Thomson,

founded upon the important fact, which they first

established, that the temperature at which water

freezes may be slightly lowered by strong pressure.

If, therefore, ice at its ordinary freezing point, 32"

Fahr., be squeezed, it tends to become liquid, and

when considerable pressure is used liquid films

may be seen within the ice. Upon the removal of

the pressure the freezing point rises, and the liquid

films again become ice. Tliis action, according to

the eminent philosophers just named, is .sufficient

to account for the fact of regelation. It may be

urged, however, that the pressure is too slight for

liquefaction by this agency to come into play. This

objection may be met by supposing, what is doubt-

less actually the case, that under a feeble pressure

the fragments of ice will only touch in a few

—

practically three—points, and upon these the whole

of the pressure is concentrated ; a feeble total

pressure may, therefore, be a very considerable

local pressure at the points of contact. Under this

stress, a trace of ice will melt, and on the removal

of the pressure the water formed will freeze. The

beautiful experiment, suggested by Mr. Bottomley,

and already described and figured in another paj^er,*

illustrates the preceding fact.

In the case of a glacier, the water produced

between the pieces of ice which are pressed together

can escape through the numerous cracks which

penetrate the glacier ; and as it runs away, not only

* "Science for AU," Vol. I., p. 32,

does it escape the pressure, but it also carries with
it the heat necessary for its liquefaction. Under
these conditions the pressed ice becomes colder

than zero, owing to the lowering of its freezing

point by pressure, and this cold ice finds itself in

contact with water at the zero temperature. The
result is that a continual freezing of some of the

escaping water takes place, new ice thus forming

round the portions which are pressed, whilst these

are simultaneously undergoing a slight superficial

liquefaction. Thus Helmholtz has explained how
the cementing of the masses of ice by regelation

may occur even when the jiressure is unrelaxed,

provided that cracks exist in the ice to allow some
motion to the liberated water.

Each of these rival theories has at the jiresent

time eminent advocates ;t hence the explanation of

regelation may be regarded as still an open question,

notwithstanding ^the severe discussion of the sub-

ject which has taken place in the scientific world.

It is not improbable that ail three causes are to

some extent operative, and that under particular

conditions one or other comes more permanently

into play. Broadly viewed, the theory of Forbes

seems to the present writer most consistent with

observed facts, and, therefore, likely to be more
generally true.

Before bringing this necessarily bi-ief talk on

glaciei-s to a close, we must not omit (though un-

connected with the subject of the present paper)

a brief notice of a beautiful structure de-

veloped in ice when a beam of luminous heat

is passed through a slab of ice, cut parallel to

its plane of freezing. Exquisite six-sided stars

are then seen forming within the ice ; these are

comj^osed of water arising from the slow disinte-

gration of the ice ciystals. There is also a shining

central spot, Avliich is vacuous, as the bulk of

the water is less than that of the ice from which

it was derived. It is easy to witness for oneself

this interesting phenomenon, first noticed by Dr.

Tyndall. All that is necessary is to procure a

block of clear ice, saw a slice parallel to the plane

of freezing—which can generally be discerned by

the air bubbles or by other means—smooth the sides

by rubbing on a warm metal plate, hold the slab

close to a lamp or gas flame, and during its lique-

faction observe the ice, assisting the eye by a lens.

The swift formation of the pretty six-petailed liquid

flowers will then be instructively and distinctly

t E.f/. Dr. Tyiidall supports Faraday's \-iew ; Dr. Balfour

Stewart Forbes's, and Professors Helmlioltz and Tait, Thom-

son's explanation.
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seen. As might be expected, there is a striking

resembhmce between the general shape of these

"ice flowers" and the lovely snow crystals that

are sometimes seen in such wonderful perfection.

Indeed, few things in Nature are so full of interest

to the diligent student as water, whether as solid,,

liquid, or vapour. And so every familiar object has

its tale to tell, and wdll yield iintold pleasure and

unsuspected wonders to the patient and thoughtful

inquii'er.

DUST.
By W. C. WiLLiAiisoN, F.E.S.,

Professor of Xatvral Hisiory in the Owens College, Manchester.

MARCH and March winds bring with them

practical reminders of the existence of

that of whicli a peck, at the right season, is said,

by an old adage, to be worth a king's ransom.

Ordinary observers see in the March dust only a

sign that the agi'iculturists are being favoui-ed

with a season adapted to theii- spring labours, and

an indication that they must themselves take more

than ordinary care of their eyes. But science sees

something more than this. It discerns in the dust

the results of a long and extremely varied series

of operations, some of which are due to inorganic

and others to organic agencies, whilst the product

of these combined agencies becomes itself a means

towards the accomplishment of still further ends.

There must have been an immeasurably long

})eriod when no dust existed upon the earth—viz.,

when the globe was a rolling sphere of fluid material,

heated to such a temperature as made that fluidity

permanent, "without which supposition it is difficult

to account for its spherical form
;

yet we are

equally imable to ai-rtve at any exact knowledge

as to what it then consisted of, and what its atmo-

spheric surrovindings were. One thing, however,

may be regarded as certain, that there were placed

side by side in the fluid sphere the same elemen-

tary bodies as now constitute its substance—that

oxygen existed in the neighbourhood of oxydisable

botlies, that sulphur Avas capable of volatilisation,

and that if vapour came in contact with common
lime the latter would then, as now, fall into powder.

Tlie results of tliese and other similar agencies

would necessaiily be the disintegration of hard

materials wherever the fluid elements cooled down
sufficiently to admit of their becoming hard.

It is a generally accepted belief tliat the early

stages of cooling, which reduced our globe from a

fluid to a solid state, must have led to many dis-

turVjances that were essentially volcanic in their

nature. Radiation into an atmosphere colder than

83

the sphere from which the heat radiated would
naturally cause that sphere to harden at it.s surface,

and such hardening would inevitably lead to-

contractions of the hardened pai-t upon the less

contractible fluid nucleus. Hence fissures or-

cracks, and the violent rubbing of one hardened

surface against another, which would produce what
woidd be a primeval form of dust. How largely

such a formation of dust is associated with Aolcanic

action is shown in the vast quantities of it Avhich

so frequently darken the air whenever a serious

volcanic eraption takes place. But this friction

would not stand alone as a dust-producing agent.

When the earth's crust was sufficiently cooled to

allow of such opei-ations as we have referred to, the

siirrounding air woiild also be sufficiently cooled

to allow of the condensation of Aapours and the

consequent production of showers of rain. These

would at once introduce a new dust-forming power.

Oxydisable elements—such, for example, as calcium

and iron—would rapidly puherise under atmo-

spheric influences, and each succeeding shower of

rain would not only expose fresh surfaces to similar

agencies, but by the friction of its tiny streamlets

woiild add one more to their- number. Thus, so

far as inorganic agencies were concerned, the forces

capable of forming dust must at this early period

have commenced tlieii' operations. Time, with its

whirligig changes, woidd only multiply the varia-

tions in the modus operandi of air and water, as

well as the localities which successively become

fitted for tlieii' action ; whilst one important result

would be the addition of a new compound to

those already constituting the earth's substance

—

viz., that mixture of dust and water which Ave call

mud.

To see that the physical and chemical charac-

teristics of the dust produced by these agencies

must be as varied as those of the pulverised rocks

from which it was derived, requires no philosophy
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on the part of our readers. Some atoms, derived

from crystalline materials, would be sliarp and

angular, and in the infancy of the world's being

such would probably be the predominant ones, since

the cooling of materials from a state of fluidity,

resulting from excessive heat, would tend to leave

them all in more or less crystallised forms. But

as watery agencies increased in power, more

amorphous forms would graduall}' make their

appearance ; and since all the changes of the

seasons, with their varying phases of climate

and meteorological conditions, would be the same

then as now— since our northern part of the

sphere, for example, whatever its geographical

evolution, we can scarcely even speculate on the

exact order in time in which these new elements

made their appearance. But we can learn something

of what those elements are that chiefly enter into

the composition of dust at the present time. The
study of this portion of the subject is a very recent

one, but it is one of great importance to the well-

being of the world. Before, however, making any

observations upon it we must somewhat extend

our ideas in speaking of dust. Instead of confining

our notions to what we can see with our eyes when
the wind is driving conspicuous clouds before it, we
must include in the term all the atoms, visible or

invisible, organic or inorganic, that float in the

Fig. 1.

—

Dust Collected on a Sheet of Paper Exposed at Montreux. {Magnified, 500 diameters.)

arrangements might be, would have in all proba-

bility its wet seasons and its dry ones, representa-

tives of its March muds and its July rains—we
may fairly conclude that those winds would raise

the dust, though in smaller quantities, somewhat

as they do now. But we must also remember

that, since narrow roads and traffic, with their

innumerable rolling and crushing wheels, would

not then exist, such clouds as now assail

us on a dry and windy s,pring morning would

not be so conspicuous then as they are now.

Such clouds belong to the streets and highways

rather than to moor and mountain, apart from

the dust-pre^•enting instrumentality of the Aege-

table world.

But with the introduction of organic life new
elements would enter into the composition of dust.

However firmly we may hold the doctrine of

air. When sitting on a sunless day in a quiet

room, we are unconscious of the existence of any

foreign atoms in the air which we breathe. But if

we admit a bright beam of sunlight into such a

room, and look through it in a direction more

or less perjiendicular to its course, we at once see

that the atmosphere is charged with minute floating

particles, previously invisible to us. Professor

Tyndall made valuable use of a similar method

of illumination when conducting his interesting

expeiiments on germs: experiments bearing upon

the problem of spontaneous generation. He ti-ans-

mitted a beam of bi'ight light through a darkened

box, in such a direction that it was invisible to

the observer, excepting when it was reflected fi'om

the surfaces of the atoms floating in the atmo-

sphere. By this means he was enabled to trace the

gradual deposition of the atoms when, currents
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being excluded, no power remained causing them

to continue to float. It is tlie subsidence of these

atoms that renders necessary the domestic process

of " dusting " our rooms—a process which, as too

often j)erformed, only means disturbing the

particles from the sm-face upon which they have

fallen, and restoring them to the atmosphere from

which they fell. But it is not only the confined

atmosphere of our dwelling-houses that is thus

laden with foreign particles. The outside air is

full of, though less densely charged with, similar

ones. Various methods have been tried, having

for theii' object the collection of these floating

atoms, with the aim of exposing them to micro-

scopic investigation. One of the most successfid

of these methods has been to cover a plate of glass

with a thin coat of glycerine, and to exjiose it to the

outside air, with its moistened surface facing the

quarter from which the wind blows (Fig. 1).

These experiments have not yet afforded us such

absolute demonstration of the nature of these aerial

particles as might have been hoped for. We learn

more about them from a process of deductive reason-

ing, the residt of experiments that nature is every-

where making for us, than from our own diiect

investigations. The unaided j'l'ocesses of normal

putrefaction and fermentation—the development

of microscopic forms of animal and vegetable life

in fluids in which they were previously non-

existent—the speedy manner in which nature clothes

barren spots with moulds, lichens, and other forms

of cryptogamic vegetable life, and even the similar

development of crops of some kinds of flowering

plants on newly exposed soils, all require for their

explanation the existence of the germs of these

varied objects floating in the aii'. To a certain

extent the pi-actical mici'oscopic analyses of the

organic contents of the atmosphere, made in the

way already referred to, have justified the hypo-

thesis which accounts for the phenomena just

mentioned by supposing that the germs of the

objects discovered do abound in the atmosphere.

But in the case of many of them, these germs,

indiscriminately collected, are too small and too

devoid of distinctive features to be thus identified.

We easily recognise the particles of mineral

matter captured by the glycerine process. Pollen-

grains from flowers and atoms of vegetable haii-s

and fibres are sufficiently distinct and numerous
;

but when we come to many of the minuter

organisms, though their germs are unquestionably

present, they are not so easily identified.

We may ask what the facts are upon which these

statements rest, and the reply comes from a thousand

quarters. We learn tliat the conclusions arrived at

are the only ones to which the facts can lead us.

This is not the time or place to do more than

summarise a few of the results of the exjieriments

of Pasteur, Tjaidall, Roberts, Dallinger, and others,

nearly all of which teach the same truth—viz., that

when solutions of animal or vegetable substances

have been exjjosed to such high temperatures as

destroyed all traces of animal and vegetable life, if

the air were allowed to obtain free access to such

solutions they were speedily re-peopled with objects

similar to those which had disappeared. The atmo-

sj^here was, in such cases, the only medium through

which theseminute organismswere re-introduced into

the solutions. A rotting apple is allowed to remain

neglected in sorae corner of a closet, and there springs

up from its decaying surface a crop of one or more
forms of Mould. Two such apples, obtained from

the same tree, and otherwise identical in every

respect, shall be similarly exposed in two diff'erent

closets ; the one may become covered with one

species of Mould, and the other with a diflferent one.

Such differences as these have been observed to

result in the case of experiments conducted within

a few inches of each other, and can only be ex-

plained on the supposition that the germs of vai'ious

species of Mould were floating in the air, and that

some of one species fell upon one apple, whilst those

of a different species reached the other. These spores

are so exceedingly minute and light, even when
freshly gathered from their parent plant, that they

float before the breeze with the greatest readiness
;

but when dried up—-a process which they are capable

of enduring without any loss of their vitality—they

become almost imponderable : hence feeble atmo-

spheric currents are capable of carrying them into

the most remote and sheltered comers. That they

mingle freely with the visible dust is shown by the

observations to which I have refeired : though it

is diflficult, perhaps impossible, to identify the s}X)res

of these Moulds and other fungoid plants with abso-

lute certainty, since objects that are not distinguish-

able fi'om them are also readily caught in the

glycerine traps to which I have referred.

But yet smaller germs have been shown by Dr.

Tyndall, Mr. Dallinger, and others, to abound in

the air. The microscope reveals the presence in de-

composing animal and vegetable solutions of myriads

of those lowest foi-ms of plant-life kno"\vn by the

names of Baccilhts, Vibrio, Spirillum, Bactprium,

&c. It is impossible to determine with certainty

whether some of the reproductive germs in question
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are those of plants or animals; besides which, these

germs are so minute that, though they can be

measured, and their diameters can be represented

by fractional symbols, such symbols convey little or

no definite idea of their actual minuteness to the

human mind. Most of these germs are alike harm-

less to man and beast ; but it is not so with all.

One form, when introduced into the blood system

of the mouse, brings on what is termed splenic fever,

which destroys the animal in forty-eight hoiirs.

Similar ones produce another disease in the pig.

These are accurately ascertained facts, rendering it

extremely probable tliat many of the diseases from

Tig. 2.—Smut oil Maize.

'which the human race suffers are brought about in

the same way. We know already that such is the

case ^vith some skin diseases—for though absolute

contact is necessary to convey the contagion in

some of them, in others the evil springs up so inex-

plicably as to make it extremely probable that the

germs generating the disease ai"e derived from aerial

sources. It is the introduction of similar germs that

makes milk go sourand exposed blood become putrid.

Wlien we tiu*n from the diseases that affect the

animal to those seen in the vegetable world, we
discover that similar phenomena are of common
occurrence. The destruction of our potato crops,

some thirty or more years ago, and the wide-

spreading nuschief that played such havoc amongst

Pig. 3.—Bunted Grain
of Wheat.

the vines in the wine-producing countries before

the discovery of the beneficent power of sulphur to

control the evil, are Avell-

known examples of the results

of spores floating in the atmo-

sphere. Still more familiar

illustrations of the same thing

are seen in the case of the

diseases of wheat and oats

known as Rust and Smut.

The germs of the plant pro-

ducing the former disease are

produced on the leaves of the

barberry ; but they can be

made to germinate only on the

ears of wheat, to which they

have to be conveyed by the wind and other agen-

cies. The black Smut of the oat is another

example of vegetable dust freely carried by the

wind, and germinating when reach-

ing plants similar to that on which

it was developed (Figs. 2, 3, and 4).

The disease know^i as Hay Fever,

from which many persons suffer so

seriously in spring-time, is sui:)posed

by many to be another of the re-

sults of the prevalence of vegetable

dust in the atmosphere. It is sup-

posed to arise from the minute

pollen grains detached by the wind

from the anthers of the numerous

gi-asses which bloom at that season.

This hypothesis receives some sup-

port from the fact that sufferers

from the disease frequently obtain

relief by hiding themselves in the

lowest and most central parts of

our large cities, where no hawthorn

scents the breeze, and whei'e waving

meadows are alike out of sight and

out of mind.

Pollen of other plants, in wdiich

the male and female structures are

found on different individuals, is

doubtless, in some cases, conveyed

by the wind, though in all pxoba-

bilitv the effect of the vegetable

dust thus conveyed through the air

is but small compared with that

carried from tree to tree through the more direct

instrumentality of honey-loving insects.

There is one form of dust of a peculiar kind

which must not be left unnoticed. That is the

4. — Bunt ou
Wheat.
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dust of the Diicroscopist's study, which iu more than

•one instance has A'itiated the trustworthiness of the

observations of some of our most distinguished men
of science. Every microsco2)ist is familiar with the

minute siliceousvegetable organisms known as Diato-

macece (Fig. 5). There is hardly one observer who has

not delighted in their practical study at one period

•or other of his career. Being very minute, as well

.as veiy light, they float freely in the atmosphere of

the laboratoiy, and find their way into places where

they are not wanted. Ehrenberg announced that

Jie had discovered these objects amongst the marine

foraminiferous organisms (Fig. 6) that constitute

the ordinary chalk of this country ; but though in-

Jiumerable observations have since been made upon

Fig. 5.—IMatoins.

"this chalk, none of Ehrenberg's successors have been
able to verify the distinguished Prussian's alleged

•discovery. There is no doubt but that the atmo-

sphere of his study was laden with these minute
Diatoms, and that in preparing his specimens of

chalk for microscopic observation some of their

siliceous fnistrules found their way intrusively into

his preparations. It is only in this way that

another alleged discovery can be accounted for.

Count Castmcane, some time ago, announced his

discovery of numerous forms of similar Diatoms in

the incombustible ash left after treating coal with

heat and various chemical re-agents. Several other

•observei-s, whose competency is beyond question,

have repeated his observations and accurately

adopted his methods. But one and all have failed

to detect the slightest trace of these Diatoms. I

liave little doubt but that the explanation of these

disci'epant observations is to be found in the pecu-

liar atmosphere of the Count's study. It will be

remembered that after Professor Tyndall had con-

ducted a series of observations on the development

of minute germs in previously heated fluids with

perfect success, the atmosphere of the place became

so laden with these germs that no amount of

care sufficed to exclude them from the tubes within

which he was carrying on his observations. On
removing his apparatus to the jiurer atmosphere of

the Kew Gardens, he had no difticulty in obtaining

Fig. 6.—Foramiiiifera : (a) Stichostega
;

(b) Helicostega;
(c) Euallostega.

the same satisfactory results that he had previously

obtained at the earlier stages of his investigations

in his laboratory in Albemarle Street.

Ehi'enbei'g made one series of observations afibrd-

ing results which are pi-obably not capable of a

similar explanation. He found that the layei"S of

volcanic Tufa which overlaid some of the Vesuvian

buried cities contained numerous Diatoms. This

Tufa had once been in the condition of volcanic ash,

the finer particles of which are not xinfrequently

carried through the air by the wind lumdreds of

miles away from the volcano whence the dust

originated. It seems more than probable that iu

this instance the siliceous organisms had been

conveyed into the interior of the crater by means

of the sea-water, which is now i-ecognised as
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l)layiiig so important a pai-t iii the tlisturbances

connected with volcanic eruptions. The fact that

Ehreuberg found simihxr organisms in the pumice

recently ejected from existing cratei's seems to

support the explanation referred to. But, what-

ever may have been the way in which the

Diatoms readied the interior of the crater, there

appears to be little reason for doubting that theii*

siliceous cell-walls do sometimes fonn an integral

part of the volcanic dust discharged from its fiery

gorge.

I have thus far said little about the animal con-

stituents of

dust ; never-

theless, such

undoubtedly

exist. There

is no ques-

tion that the

germs of

many of the

lowest fonns

of animal life

are as capable

of being diied

up, and of

being trans-

ported by

aerial cur-

rents, as are

the vegetable

organisms to

which I have

already re-

feiTed. Many
of the minute

Monads de-

scribed by

Dallinger
and othei-s

are found under circumstances that can be ex-

plained only on this supposition. Besides which, we

have demonstrative evidence that the sediment

accumulated in the gutters and spouts of our house-

roofs abounds in Rotifera (Fig. 7), objects having a

far higher oi'gauisation than these Monads possess.

Baked up during protracted seasons of dryness, this

sediment Ls blown hither and thither, and yet

the organisms which are mingled with and form

a part of it do not perish. The well-kno^vn

case of the highly-organised Rotifer vulgaris,

or common wheel animalcule, aflFords the best

example of this tenacity of life. How great this

".—Eotifera.

(A) Rotifer vulgaris ;
(bi Brachions.

tenacity is may be realised from the following

foct :—Some years ago I received from the Rev.

Lord Sydney Godolphin Osborne a small pill-box

filled with impalpable dust. It had been in his

lordship's possession in a dried state for some
months before he sent it to me. On putting a

little of this dust under the microscope, and adding

a drop of water to it, it soon imderAvent a marvel-

lous change. At first it appeared to be whoUy
composed of inorganic pai-ticles, but in less than

a minute some of these particles began to move,

and in about a couple of minutes more the water

abounded with fully-grown and utmiistakably

hungiy examples of the wheel animalcule. In that

brief period their dried-up tissues imbibed moisture,

swelled out to theii- normal form and dimensions,

and every organ of theii* bodies was seen actively

performing its destined functions. The cilia of their

wheel organs were in full play, and in a very few

minutes more theii- stomachs were becoming gorged

with the indigo and carmine with which I fed them.

It might be urged by some honest doubter that

these creatures had emerged from eggs that endured

the process of being di'ied up ^vith impunity ; but

such was cei-tainly not the case. The eggs of these

Rotifers are large and easily recognised ; besides

which, the yotmg animal that first emerges from the

ovum requires a much longer time to develop into

its matui-ed form, than elapsed between my adding

the drop of water to the dust and the perfect

expansion and full activity shown by every organ

of these Rotifers. The dry dust in question con-

tinued to exhibit these results for nearly six months

after it came into my possession ; but nature had

its limits of endurance. After six months had

elapsed I failed to discover any traces of life in the

contents of my pill-box.

Recent exi>eriments have demonstrated that one

form of diLst is calculated to add seriously to one

of the most destructive forces that overtakes large

bodies of the men who minister to our daily wants.

For some time past attention has been drawn to the

inflammability of fine coal-dust. Like the Lyco-

podian spores long employed to produce, by their

instantaneous combustion, the effects of lightning,

when such eff'ects were required for dramatic pur-

poses, coal-dust, when sufficiently fine, pi-oves to be

remarkably inflammable. The galleries of dry

coal-mines abound in dust of this character. Though

originating in special portions of the mine, the

powerful cmTents of air required for purposes of

ventilation necessarily diff'use this dust through

the workings. So long as the atmosphere undergoes
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no disturbance beyond -what is produced by these

ventilating currents, no material mischief is done

by the dust ; but when explosions of fire-tlamp

occur, it is more than probable that the ten-ible

destructiveness of the inflammable gases is seriously

increased by the sudden combustion of the particles

of coal-dust floating in the atmosphere of the mine.

Mr. R. H. Scott, Secretary to the Council of

the Meteorological Office, has presented to the

Eoyal Society two memoii-s illusti*ating the eflfects

of explosions occuiTing in such a mixture of coal-

dust and atmospheric aii*. His exjjeriments de-

monstrate how seriously the coal-dust adds to the

force of the explosion, and lead him to conclude that

"where there is no coal-dust in the gallery the

flame of the fire-damp explosion does not extend

further than from seven to nine feet from the

bottom of the explosion chamber. When the

galleiy contains coal-dust, on the other hand, on

the floor and on the shelves referred to, and when
it is filled with the retui-n air of the mine, the

explosion traverses its whole length, and shoots out

into the air to distances varying from four to fifteen

feet. The flame of the fii-e-damp explosion is thus

magnified ten times by the presence of the coal-dust

and the rettu-n air." Of course, the measurements

mentioned in this quotation from the abstract of the

second memoir presented to the Royal Society refer

to the ingenious apparatus by means of which

Mr. Scott conducted the experiments recorded in

his paper.

One more curious form of dust may be mentioned.

For some time after Bi-uce's retiu-n from his cele-

brated Abyssinian travels, a tradition floated

through society that his pai-ty, penetrating an

Abyssinian forest, had forced their way through a

grove of dried Euphorbise, and in doing so had raised

such a dust that the entire party sneezed incessantly

for three subsequent weeks. The exaggerated

rumour was not without a foundation. Bruce

indicates the tree by its native name of the kalgual,

and says of it :
—" When the tree grows old the

bi-anches wither, and in place of milk the inside

appeai-s to be ftdl of powder, which is so pungent,

that the small dust which I drew upon striking a

withered branch seemed to threaten to make me
sneeze to death. The touching of the milk -^^-ith my
fingers excoriated them as if scalded with boiling

water." It may be added that Sii- Joseph Hooker
found in Morocco a " sneezing plant " {EupJoorbia

resinifera), which secretes a caustic juice, that

hai-dens into a gum. "The people who collect

the gum are obliged to tie a cloth over their

mouths and nostrils, to prevent the small dusty

jjaiticles £i-om annoying them, as they produce

incessant sneezing." Sir Joseph's description of

this plant* shows that it is either identical with,

or closely allied to, that figured by Bruce in

Ms work, as subjecting him to a similar sneezing

process.

Enough has probably been said to demonstrate

how varied a material the dust of the earth is, and

how little we need wonder that it has latterly been

credited with the power of producing liitherto un-

expected residts. In this respect the progi*es3 of

time has led to the substitution of true for false

ideas. The old Romans had their notions as to

what dust could do. Thus Pliny says, in his

"ZSTatural History."—"Dust, too, is productive of

woiTQS in wools and cloths, and this more especially

if a spider should happen to l:>e enclosed in them

:

for, being sensible of thirst, it sucks up all the

moisture, and thereby increases the dr}-ness of the

material." Du.st, as our cleanly ll0use^vives can

certify, has sins of its own to answer for ; but it

was too bad of the old Roman to lay the mischief

done by our clothes and curtain-eating Tineidce at

its door.

A PIECE OF ROCK SALT.

By Davie Bremxer, Author of " The IxDrsiRiES of Scotland.

THOUGH man derives his chief supply of food

from the animal and vegetable world, there Ls

one condiment that is considered a nece-ssaiy of his

existence for which he is indebted to the mineral

kingdom. That is salt, chemically chloride of

sodium, or, as more modem chemists style it, sodium

chloride, a substance abundantly distributed over

the gi-eater part of the earth, and stored in imtold

quantities in the waters of the ocean. Here is a

piece of the mineral in its rock fonn. It is almost

as heavy as a bit of sandstone of similar bidk, re-

sembles alum in hardness, and is of a dii-ty red

* Hooker and Ball :
" Journal of a Tour in Marocco and

the Great Atlas
"
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colour streaked with transparent white veins. We
might have chosen a purer sample, but the impurity-

gives us an oi>poi-tunity of explaining that only a

small proportion of the beds of rock salt which have

been opened up have been found free from an ad-

mixture of foreign substances. Were we to analyse

this specimen, we should find that its colour and

dulness are due to the presence of iron-rust (p. 41,

Vol. II.), sulphate of lime, and probably some clay.

Other samples might diflfer in colour, and yield

potassium chloride, calcium chloride, and magnesium

chloride. Even in the refined salt some of these

substances ai-e present, but in minute quantities.

The ciystalline stracture of salt is almost obliterated

in the rock form, and if we chip off" a piece it will

be observed that it presents a foliated or fibrous

texture. The outside of the lump is moist to the

touch, owing to the affinity for moisture of some
of the alien ingi-edients. Pure chloride of sodium

I'etains a perfectly diy sm-face, and a remarkable

property it possesses is that of freely allowing

the passage of heat rays. Of 100 rays of heat a

blab of clear rock salt will transmit ninety-two,

while plate-glass transmits only twenty-four, and
clear ice none at all. This fact is of gi-eat value to

the scientific experimentalist.

Deposits of rock salt occiu' in various parts of

Europe, the most extensive and best known on the

Continent being in the province of Galicia in

Austria, the area of which has been computed at

over 10,000 square miles. The towns of Wieliczka

and Bochnia are the points at which the vast field

is chiefly worked. Mining operations have been

carried on for several centuries, and marvellous

stories are told of the extent of the excavations. It

is said that in one mine the woi'kings are over

thirty miles in length, and that the salt in some
places has been cut away so as to form gi-eat halls

a hundred feet in height. In Asia and Afi-ica there

are numerous saline deposits, and the same can be

said of Amenca.

Where have these deposits come from? Geo-

logists have long puzzled over this question, and
even yet they are not quite agreed on the matter.

Some attribute them to volcanic agency, but the

bulk of testimony appeai-s to be with those who
assign to them a watery origin. It is clear that

they do not belong to any particular geological

period, for while the deposits existing to the north

of the Carpathians are in the formations of the

Tertiaiy Epoch, those in this country are in the

Permian and Triassic, and those in America apjiear

& long way farther down the scale. In proof of

the theory that the salt was precipitated from water

surcharged with saline matter, it is pointed oiit that

such a process is now going on in the case of the

Dead Sea, the Caspian, the Sea of Aral, and other

land-locked bodies of salt water, in all of which salt

is being deposited as the proportion between the

bulk of the water and the saline matter introduced

by tributary streams is changed to favour that

result.*

But we mitst return to our particular piece of

rock salt, and give some account of its birthplacb

and surroundings, which, being within the boi'ders

of the United Kingdom, have a special intei-est for

us. It came from the gi-eat saliferous beds that

underlie the valley of the river Weaver in Cheshu-e,

the chief source, not only of the salt iised as food,

and in the chemical manufactures of thLs country,

but of much that is consumed in other parts of tlie

earth. There are deposits of salt in Worcestershire,

Stafibrdshire, several of the northern counties, and

in County Down, but these are insignificant in

comparison, and yield only a fraction of the quantity

drawn from the Cheshire field. The latter has an

area thirty miles in length by from ten to fifteen

miles in breadth, and at its richest part it con-

tains two gi-eat layers of rock salt, the upper

of which is fi'om eighty-four to ninety feet in

thickness, and the lower from ninety to 170 feet.

Over this gi-eat mass of mineral stand the towns of

Northwich and Winsford, the chief seats of the salt

industry. It is only two centuries since the mineral

in this locality was discovered, though salt had been

made fi'om the biine spi-ings and pits from time im-

memorial. As the upper stratum of rock contains

a considerable proportion of earthy impurities, the

mines sunk into it were for the most part abandoned,

when the existence and purer quality of the lower

stratum were revealed, and the mining now in

progi-ess is chiefly confined to the centi-e of the

latter, where there is a layer of comparatively pure

salt from twelve to fifteen feet in thickness. As
this gets worked out, of course, there will be a

falling back upon the poi-tions of the deposit at

present neglected.

The Marston mine at Northwich, to which

visitors ai-e I'eadily admitted, is one of the most

extensive in the district, and is a highly interesting

sight. It has been excavated to a height of sixteen

feet over an area of about forty acres. The roof is

suj^ported on huge square pillars of the native rock

left at regular intervals of aboiit ten or twelve yards

by the excavators. Both roof and floor have been cut

* See " fc-cience for All," Vol. II., p. 28.
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level, and the latter is covered with a coating of

pulverised salt, as dry and as easily disturbed as the

dust on a macadamised road on a fine summer day.

The air is dry, sweet, and cool, the temperature

from one yeai-'s end to the other vaiying little from

53° Fahr. Even in the feeble light afforded by the

few candles carried by a group of visitore and their

guide, the surfaces of the pillars and roof display

most beautiful effects, and at many points appear

to be encrusted with gems. Like the sample we

visitors coloured lights are ignited by the guide,

who for that purjiose removes to a distance of a

hundred yards or so. The effect of the light is

magical. It reveals for the moment the vastness of

the subterranean chamber, and brings out the

pillars in fuU relief. The beauty which even the

candle rays enabled one to discover is now intensi-

fied a hundredfold ; and a person of an imaginative

turn of mind might well suppose that he was enjoy-

ing the splendour of the scene of Aladdin's adven-

Fig. 1 —Interior of a Salt Mine.

have before us, the rock is of various hues, passing

from deep red to transparent white, with here and

there a touch of yellow. An examination of the

roof reveals a striking peculiarity in the formation

of the salt rock. It appeal's to be composed of

masses of varied figure, and of different sizes, and

has the effect of an irregular species of mosaic work.

The outlines are in some cases circular, in others

oval, biit for the most part pentagonal, and the

separate forms measure from two to twelve feet in

diameter. The boundary line x»f each block is com-

posed of a streak of white from two to six inches

wide, and inside this the mass generally becomes

darker towards its centre. For tlie delectation of

84

tures. The play of the light among the pillars is

especially striking ; long vistas being opened up

here, and dark shadows thrown athwart floor and

roof there, while the vision is bounded by what ap-

pears to be a barrier of darkness solidified (Fig. 1),

Just as the last of the coloured lights is dying

out, a ten-ific peal is heard and a noise as of thunder

sweeps through the mine, echoing and re-echoing

for several seconds. The alarm which this unex-

pected occuiTence naturally creates in the mind of

the unaccustomed visitor is allayed by the explana-

tion that the noise was merely the report of a

blasting-charge fired by the miners in the course of

their operations. The guide having rejoined his



28: SCIENCE FOR ALL.

party, an advance is made to the extremity of the

workings, where the miners ai-e engaged, and here

the manner in which our piece of rock salt was

wi'enched from its native bed is seen. As snijplied

for domestic use, salt is a more or less powdery

material, but as it is found here, fom* hundi'ed feet

below grovmd, it is very compact, and requires

quite as much force and skill to quarry as coal. The

miners attack the face of the rock and cut j^erpen-

dicular grooves in it. From these they drive bores

right and left, which they charge with powder, and

thus blast down the salt. To cut it out with the

pickaxe would be a tedious process, chiefly because

the mineral is not stratified, nor does it separate

readily at the veins.

On being removed to the mine-head the larger

blocks of salt are picked out and placed in trucks

for removal to the chemical manufactories, or to a

seaport for shipment abroad. A large proportion

goes to the former, in which it plays an important

part ; and if we elected to send our samj^le thither

and follow its transmutations we should witness

some gi'and achievements of science and have

revealed to us the many valuable services which

salt renders to the arts. The great alkali manu-

facture of this country, which constitutes the wealth

of several imjiwrtant towns, has its foundation in the

Cheshire salt mines.

Salt and its various products constitute indispen-

sable auxiliaries in dyeing, bleaching, paper-making,

pottery-making, glass-making, vanous metallurgical

operations, &c. The chemical designation of salt

(chloride of sodium) indicates its composition when
obtained in a pure state, and the first operation of

the chemical manufacturer is to separate the sodiiim

from the chlorine. This is done by treating the

salt with sulphuric acid (oil of vitnol). As the

sodium has a stronger affinity for the vitriol than

for the chlorine, it separates itself from the latter,

and combining ^vith the vitriol forms sulphate of

soda, or, as it is commonly called, " salt cake." The

latter is mixed \^ath cei-tain proportions of limestone

and powdered coal, exposed to a strong heat in a

furnace, and the result is the production of cax'-

bonate of soda, which is easUy separated from the

ash of the limestone and coal. The chlorine on

being rejected by the sodium in the first process

allies itself with the hydrogen of the vitriol, and

forms hydrochloric acid, the fumes of which are of

a most deadly character. For a considerable time

the chemical manufacturers allowed this acid to

escape into the air, with the result that over a

wide area surrounding their works no vegetable life

could exist. This was a constant source of com-

plaint, and the Legislature had to step in and
compel the ^proprietors to seek some means for the

abatement of the evil. It was found that the ob-

jectionable vapours could be condensed in water, and

appliances for so arresting it are now in general

use. From the liquid thus obtained the chlorine

is extracted by a simple operation, and combined

with lime to form bleaching powder. But we need

not go farther into detail on this branch of the

subject.

If we allowed our piece of rock salt to share the

fate of its fellow smaller fragments we should see

it borne off and cast into one or other of a series of

large open tanks or ponds which are an adjunct of

each, of the salteries. These tanks contain brine,

and it is from that liquid that ciystallised salt, for

domestic, antiseptic, and other purposes, is made.

The brine is formed by the solution of the rock salt

in the water of springs or subteiTanean lakes ; and

the supjily of it appears to be inexhaustible. In

some parts the brine rises to the surface of the

ground, but in others it has to be pumped from a

depth of two hundred feet or more. The propor-

tion of saline matter held in solution varies to

some extent, but for the most part it constitutes 25

per cent, of the total weight of the brine, whereas

the saltest sea-water obtainable contains only 3 '5

6

per cent. On being drawn, the brine is allowed to

flow into the reservoirs referred to, where evapora-

tion goes on, to some extent, in a natural way. To
strengthen the brine some of the rock salt is added,

but usually not more than the fragments that occur

in mining.

The salt is exti"acted from the brine by evapo-

rating the latter by heat, until a point is reached at

which the proportion of water is too small to hold

the mineral in solution, and it becomes solidified in

the form of crystals. The evaporating pans are

huge trays of iron boiler-plate, and usually measure

forty or fifty feet in length, by half that breadth,

and fifteen or eighteen inches in depth. They are

supported on brickwork in which furnaces and flues

are constiiicted. The quality of salt to be produced

is determined by the temperature at which evapora-

tion is carried on. Bay or fishery salt, which is

very coai'se in the grain, is made at a temperature

of 110°; what is known as "common salt" at

175° ; and '' stoved," or fine table salt, at 220°. It

will be obvious from this that the finest quality is

most rapidly precipitated, and it is usual to devote the

pans to fishery salt on Sundays, so that a minimum

of labour is required on that day. In the production

\
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of two tons of common salt, one ton of coal is

•consnmed ; and a pan of average size is capable of

turning ont two hundred and fifty tons of that

•quality ytev week.

By stooping over the pan the process of crystalli-

sation may be seen going on. It begins, as already

stated, when the evaporation has proceeded so far

that there is less water than is sufficient to hold the

salt in solution. Little patches of what seems to

be semi-tx-ansparent scum appear on the sui-face.

These patches are composed of groups of salt crystals

which are thus formed on the sui-face of the bi-ine,

-and sink when they acquire a certain weight. The

•crystals are cubical in form ; and when the evapora-

tion is conducted rapidly, they arrange themselves

in a peculiar way, and form conical or " hopper "

-ciystals. The manner in which these are built up

is shown in Fig. 2, where A represents the first-

formed crystal floating in the brine, in which it

A B

Fi/. 2.—Formation of Salt Crystals.

makes a depression. Fresh ciystals forming near

are attracted to this centre, and attach themselves

to it—first in one row, as in b, and so on, untU the

mass is completed, when it sinks to the bottom

and makes way for fresh structm-es of the same

kind. The crystals are allowed to accumulate until

the solid matter in the pan is equal to about three-

fourths of its contents. In the case of the table

variety, the salt is ladled from the pan into wooden

moulds, in which it is allowed to consolidate ; and

on removal from these, it is dried in a stove. The

coarser salts are deposited on a platform and left to

drain for some time, after which they are com-

pletely dried in the stove.

Owing to the dissolution of the rock caused by

•drawing off the brine, extensive subsidences of

ground take place at intervals, whereby houses

ai'e wrecked, gas and water-pipes broken, railway

and canal traffic internxpted, and patches of

valuable land flooded. Loss of life has also been

•caxxsed—the most sex-ioxxs about thirty years ago,

when two cottaj'es and axi enijine-hoixse Avere

swallowed up, and thiity persoxis perished. Tlxe

whai-fs 0X1 the Weaver have had to be raised

repeatedly, and in the lower parts of Northwich

houses and trees have sunk so far as to be sur-

rounded by watei". In the town itself it would be

difficult to find a bit of wall true to the plummet,

or a door or window exactly square. Walls are

cracked and roofs " saddled " in every dii'ection,

and houses ax-e pointed oixt which ^have been twice

rebuilt within forty years, while others are

mii'aculously held together by iron stays and other

devices. Various plans have been tried to countex-

act the instability of the gi'ound, the xnost success-

ful being that according to which the hoixses rest at

the stx-eet level on great beams of tixnber. These

beams form, as it were, a second foundation for the

houses ; and whenever signs of subsidence appeax-,

the intx-oduction of fresh bricks or wedges between

the beams and the masonry beneath them, keeps

the upper part of the building from being wrecked.

So serious is the eSect of the repeated subsidences

on property, that the o-wnei-s have, on more than

one occasion, appealed to the Govex'nxiient to step

in and put a stop to the pumping of brine.

It but remains, ex"e finishing our chronicle of "A
Piece of Rock Salt," to say a wox-d on the antiseptic

uses of salt—that is, its employmexit to prevent

the decay of meat, fish, ikc. A lax'ge quaxitity of

the minei'al is used in this way, especially in the

"curing" of fish. When salt Ls applied to fresh

meat or fish, the juice contained in these dissolves

it and forms a brine, which is proof against the

agents of puti-efaction. It has also the power of

preserving wood from diy-rot, and this quality has

long been taken advantage of by ship-builders, who
steep their timber in brine before incorporating it

in the vessels. Ixi cases whex'e the wood has not

been so tx-eated, it is customary for ship-owxiers to

take a salt cai'go as early as possible after tlieif

A'essels are launched.

In the beginning of the presexit centuxy salt cost

from £12 to £14 per ton; its price at present is

bax-ely a twentieth of the first-named sum. In

Tibet and other parts of the world it is so

valuable as to constitute almost a curx'exicy.

Fx"om the Cheshire field no less than two million

tons are drawn annually ; and for the tx'aixsport

of this sevex-al hixxxdred vessels ply regularly

0X1 the Weaver. Some domestic salt is still ob-

tained from the sea, but in this countxy that xnode

of obtaxnincr it is almost extixxct.
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PEOTECTIVE MIMICRY IN ANIMALS.

By Alfred Russel Wallace, F.L.S., Author of " The Malay Archipelago," etc.

i

IN a former article (pjx 128—137), on the " Pro-

tective Colours of Animals," we endeavoured

to illustrate the purpose and origin of all those

peculiarities of colouring which tend to conceal

animals from their enemies or from the prey which

they wisJi to capture ; we showed how widespread

were such colours in nature, and how often it

happened that what seem showy colours when we
examine the species in confinement, or when pre-

served in a museum, are really protective when the

animal is seen in its native haunts and in the

attitude it usually assumes when at rest. We
i-eferred to many cases of special imitation by

insects of vegetable substances — of leaves or

flowers, bark or moss—sometimes so wonderfully

accurate as to deceive the eye of the experienced

naturalist as well as that of the himgry bird.

But besides all these, we called attention to a

totally different kind of protection, always asso-

ciated with conspicuous instead of protective colour-

ing. A number of insects (and some of the higher

animals) possess secretions which are so nauseous

as to render them generally uneatable. This is a

perfect protection against being devoured, but it

would be no protection against being hunted, and

caught, and often killed, if there was nothing to

distinguish these from the great majority of eatable

insects. But eatable insects (if soft and defence-

less) are almost alwa\"s protected by obscure or

green tints harmonising with their surroundings.

Evidently, therefore, the best way to distinguish

the uneatable kinds would be that they should be

of gay and brilliant tints, strongly contrasted with

their suiTOundings, and readily distinguishable from

a considerable distance. Marvellous to relate, this

is actually the case; and the uneatable insects are,

almost without exception, gaudily and conspicuously

coloured. A number of such cases were adduced,

especially among our native catei'pillai-s, and proofs

of their non-edibility were given.

We now propose to deal with this part of the

subject more fully, in order to explain what is

meant by "protective mimicry"—perhaps the most

interesting and the most wonderful of all the

phenomena of colour among animals. It is only

among the teeming forms of life of tropical forests

that the best cases of mimiciy are to be met with,

and we shall therefore now have to deal with

objects for the most part mifamiliar to the British

collector. We hope, however, by means of

numerous illustrations, to make the subject in-

telligible to our readers, and especially to such as

have some knowledge of our native insects.

Mimicry is the term applied to the phenomenon
presented by certain species which, being themselves

eatable, and belonging to gi'oups which are attacked

and devoured by numerous enemies, obtain pro-

tection by their close resemblance to some of the

brightly coloured species which are free from attack

on account of their nauseous odour or general in-

edibility. In most cases it is not a general but a

special resemblance Avhicli serves this purpose,

sometimes carried so far that the mode of flight

and general habits are imitated, as well as colour

and marking. The most numerous examjiles of

mimicry occur among butterflies, but there are

almost equally remaikable cases among beetles and

other orders of insects, as well as a few among
reptiles and birds. We will, therefore, first describe

the groups of butterflies which are the subjects of

mimiciy by other groups.

In all tropical forests butterflies are abundant,

and very vai'ied in size, form, colouring, and mode
of flight. Some fly with gi-eat rapidity, others

have a zigzag, jerking mode of flight, and many
such are adorned with brilliant colours. Great

numbers of Satyridse and Erycinid?e keep near the

ground, with a slow hovering flight, and these have

generally a sober style of coloration ; while many
of the showy species have their under-sides adorned

Avith rich dark marblings, which render them in-

conspicuous as soon as they settle on a leaf or

branch. But there are three great families—the

Danaidse, Heliconid*, and Acrseidse—one or other

of which is everywhere abundant both in species

and individuals, and which are always remarkable,

for their beauty or their conspicuousness ; for their

slow and lazy flight ; for never trying to conceal

themselves, and never flying high up in the aii-.

The under-sides of their wings, too, are always

coloured nearly the same as the upper, or, at all

events, never present markings tending to conceal-

ment. These three families are closely allied to

each other, and should, perhaps, form sub-divisions

of one family, and they are believed to be most

nearly related to the Nymphalidae (to which family

belong our tortoiseshells and fritillaries), of which

they are a special development. They all have
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the cell of the hind-wings closed, whereas in the

Nymphalidae it is always open ; but they agree

with the latter family in having the first pair of

legs short and imperfect in both sexes, but more

especially in the males, and in the pupae being

freely suspended by the tail.

All three groups have the peculiarity of possess-

ing a powerful odour, which appears to peiTade

the whole body. When a specimen is caught and

pinched between the fingers, a yellow fluid oozes

out, which has a strange pungent smell and stains

the skin. This has been observed with the

Heliconidte of South America, the Acrseidse of

Afi'ica, and the Danaidae of Asia and Australia,

and it a2)pears to be of a very similar nature in all

these groups. This pungent yellow secretion is

very distasteful to birds and other insectivorous

animals, so that the butterflies in question are

never persecuted as others are. Some persons have

doubted whether birds catch butterflies at all.

Swallows, however, have been seen chasing white

butterflies even in England ; but in the tropics

insectivorous birds belonging to many distinct

families are much more numerous, and no eatable

insects escape them. Mr. Belt, when in Brazil,

watched a pair of pufi'-birds catching butterflies

during half an hoiir, capturing many and carrying

them to their young ; but though numbers of Heli-

conidae wei'e flying slowly about, the birds neither

noticed nor made any attempt to catch them.

Neither Mr. Bates nor myself ever saw these

butterflies attacked by bii'ds, or lizards, or pre-

dacious insects, though they often rest exposed,

hanging on the tips of leaves where they would be

easily captured ; and though the wings of butter-

flies that have been caugiit and eaten are often

found lying in the forest paths, those of the Heli-

conidae are never found among them. Dragon-flies

were seen to catch Pieridae in Natal, but never

the slower-flying Acraeidae ; while among the wings

of buttei-flies found under certain trees where they

assemble to feed on the exuding sap, and are

captured by mantises and other insectivorous

creatures, no Acraeidae or Danaidae were ever

found. We may consider it, therefore, to be an

established fact that these three groups of butter-

flies enjoy almost perfect immunity from attack,

owing to their offensive taste and odour ; and their

peculiarities of form and colour as well as their

mode of flight, seem to be so well known to all

insectivorous creatures, that they are recognised at

a consideraljle distance, and thus not only escape

being devoured, but are generally free from all

i:>ursuit or molestation. No doubt young birds or

lizards sometimes make the trial, but the result is

so disagreeable that they very soon learn what to

avoid.

The peculiar odour is found in the caterpillar

and the chrysalis of these butterflies, as well as in

the perfect insects, and the result of this freedom

from persecution is that they swarm in the forests

to a gi'eater extent than any other butterflies. The

Heliconidae of South America and the Danaidae of

the Malay Islands may always be found, even

when other butterflies are very scarce, and there

are many places where hardly any other kinds can

be seen. It is evident, therefore, that if any other

butterflies, belonging to eatable groups, should

closely resemble any of these inhabiting the same

districts, they would certainly be mistaken for

them, and so obtain protection. Wherever these

groups are found there ai-e such cases of mimicry,

of which we will now give some of the more

interesting examples.

In tropical America the Heliconidae''^ ai'e im-

mensely abundant, about 400 species having been

described up to 1871, while, as many new ones are

discovered every year, the number cannot be now
much less than 500 species. They are also, as

already stated, very abundant in individuals, and

as all these are, without exception, uneatable, it is

not surprising that insectivorous creatures have got

to know them well and avoid them. They differ

wonderfully among themselves in colour, some

being black or blue, banded with yellow or white

;

others rich

red, with yel-

lowbands and

rays ; others

rich bro^vn

and yellow

spotted; while

an immense

niimber have

trans jiarent

wings, either

simply veined

or delicately

tinged with

yellow, brown

or purplish.

Yet, amid all Fig. l.—Leptalis theonoe (a) ; Ithomia flora (b).

this variety,

the general form, the style of marking, and the

* Tliey h.ave now been divided into two families, Heliconidoe

and Danaidaj; but I keep the old nomenclature for simplicity.
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mode of flight ai'e so peculiar, tliat

even species never seen before are

recognised at a glance as belongin*?

to this family.

In the same forests are found a

considerable number of the totally

distinct family of Pieridae, to which

belong our well-known " cabbage,"

*' orange-tip," and " brimstone " but-

terflies. JNIost of these are white or

yellow, variously marked and shaded,

but still unmistakably Pieridse ; but

there is one genus

—

Leptalis—which

has more elongate wings than usual

and a w^eaker flight, and these vary

greatly in colour, some being white,

others yellow or yellow and black,

while others are coloured exactly like

the Heliconidfe. The wonderful thing

is, that the resemblance is not general

but special. The coloured Leptalis does

not look like a new species of Heli-

conidfe, but exactly imitates an exist-

ing species, and always a species wJiich

inhabits the same locality. Thus the

transparent-winged, black-banded Ithomiaflora (one

of the Heliconidaj) is accomi^anied, at Cupari on
the Tapajos river, by Leptalis theonoe (Fig. 1),

which so closely resembles it that it cannot be dis-

tinguished when on the wing ; while in other parts

Fig. 2.—Leptalis Egaena (a) ; Mechanitls obscura (b).

Fig. 3.—Leptalis orise (a) ; Methone psidii (b).

of the Amazon valley distinct species of ItJiomia,

with oiange-red bands and spots, are imitated by
Aarieties of this Leptalis. At Ega, on the Ui^per

Amazon, the handsome brown-black and yellow-

banded Mechanitis obscura (one of the Heli-

conidai) is accompanied by Leptalis Egaena,

closely resembling it in size, colours, and mark-

ings, and both have long yellow antennae (Fig.

2). Still more remarkable is the large and

handsome yellow-and-black Methmie 2^sidii (one

of the Heliconidje), accompanied by Leptalis

orise, equally large and very similarly marked

and coloured ; and in this case both have long

black antennje with a yellow club (Fig. 3).

These are only a few out of many examples

that might be referred to, but it is necessary to

see the specimens themselves in order to ap-

preciate the wonderful change that has taken

place from the usual style of colouring of the

Pieridae (still prevalent even in the genus

Leptalis itself) to these richly-coloured and

strangely-marked forms. Before going further,

however, it will be well to show how greatly

the two groups, Leptalis and Lthomia, really

diflfer. The accompanying figures (Fig. 4) show

the anterior feet, the pupa?, and the larvae of the

two families Pierida; and Heliconidae. In the

former the feet are long and perfect, with five-

i

I



PROTECTIVE MIMICRY IN ANIMALS. 287

jointed tarsi and bifid claws ; the pupa is always

supported by a looped thread, and the lai-va, or

caterpillar, is smooth, slightly downy, but without

spines or processes of any kind. In the latter the

^§"^-"^315 b i ^'^ik^
anterior legs

"'^'^ --^o<^^
g^j.g short and

imperfect, hav-

ing no tarsi in

the male, and

only one or two

joints in the

female; the

pupa is always

freely sus-

pended,without

any brace or

loop, and the

larv£e are al-

ways furnished

with fleshy pro-

Pig. 4— (a) Pnpa of Gonepteryx Etamni ;
(c)

CeSSes. These
Leg of Gonepteryx ; (b) Pupa of Danais combined dif-
plexippus

;
(d) Leg of Danais plexippusf ;

(e)

Lax\a of Acraea violae ; (f) Larva of Pontia ferences are SO
brassiciE.

unportant that

we may consider the two families to be at least as

distinct as deer are from goats, or robins from finches.

Besides the genus Lej)kdis, several other gi-oups

imitate the Heliconidse in an equally extraordinary

manner. A true Papilio {P. poMsanias) has the

exact colouring of Heliconius clytia—rich steel-blue

with yellow bands ; while another most remarkable

species {P. zagreus) is richly marked with stripes

and spots of yellow, brown, and black, so as closely

to resemble the Heliconoid Lycorea atergatis.

Two genera of Erycinidse [Ithomeis and Stalachtis),

and moths of the genera Castnia, Dioptis, and

Pericopis, also resemble species of Heliconid* in

their respective districts in an equally remarkable

manner.

In all, or almost all these cases, it has been

observed that the mimicking species are much less

plentiful than the Heliconidse which they resemble
;

and a little consideration will show us that this is

essential to the success of the imitation. For if the

eatable Pieridte and otlier groups wei'e as abundant

as the uneatable Heliconid?e, insectivorous animals

would soon find it out, and would systematically

capture them both, on the chance of getting at least

one that they could eat for every one that they

were obliged to reject. The fact seems to be, how-
ever, that the imitating sj^ecies are usually very

scarce indeed : often not one to a hundred, and
sometinies not one to a thousand of the species they

imitate; so that they ai'e quite secure among the

crowd of uneatable creatures so much resembling

them. It may be asked, however, why, as they

have the same protection, they do not increase and

become nearly as numerous as the uneatable kinds.

The answer is, undoubtedly, because theii- larvse and

pupse are not protected, and thus suffer great de-

sti-uction ; and this was probably the reason why
certain species acquired protection by mimicry in

the perfect state as the only means of escaping

impending extermination. It is evident that those

species which had long and delicate wings and a

slow flight, and which, oudng to the thinning out

of the larvae and pupse, were never very abundant,

would be most liable to extermination. But these

long-winged kinds would in form resemble the

Heliconidse, and any variations of colour tending to

make them more like any of the species of that

group would be an advaMage. Such varieties

would therefore have a better chance of escape, and

in a long series of generations some of them might

at least come to have the Avonderful resemblances

we now find, while many others, failing to vaiy

suflSciently, have no doubt become extinct.

We will now pass to the African continent,

where Acrseidse abound both in species and indi-

viduals, while Danaidse, though few in species,

are still sufficiently plentiful in individuals. These

take the place of the Heliconidje of South America,

enjoying the same advantages ; and they are

mimicked in an equally remarkable manner by

butterflies of three distinct families—Papilionidse,

Nymphalidae, and Eurytelidse; but not by any

Pieridse, which fomi the bulk of the mimicking

species in South America. As an example we may
take the Acrcea Euryta, a common but remarkable

butterfly of West Africa, numerous varieties (or

allied species) of which are figured in Mr. Hewit-

son's "Exotic Butterflies," Vol. IV., PL IV., V.

(Acrsea) ; and in the same volume under Diadema

(a genus of Nymphalidse), PI. III., are a series of in-

sects, which it is hard to believe, at fii'st sight, are

not also varieties of the same species (Fig. 5). Thei-e

is also a species of Melanitis (Fam. Eurytelidfe) that

resembles the same species of Acrcea. Another

species, Acrcea zetes, has a different style of marking,

being red with numerous black spots, and this is

very well imitated by another sjiecies of Diadema

inhabiting the same districts.

But the most remarkable case known in Africa

is presented by a trae Pcqnlio which, in several

vaiieties and allied species, mimics the common
Danais echerict with its varieties and allied species.
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Danais Echeria (Fig. 7, a) is an elongate-winged

black butterfly with a group of spots, either buff or

Fig. 5.

—

Acrsea gea (a) ; Diadema Hirce (b).

white on the front wings, and a broad buffband across

the hind wings ; varying considerably in different

parts of South Africa. Another species, Danais nia-

vius (Fig. 8, a), is larger and handsomer, being deep

black with two very large white

patches, occupying more than

half the sui-face of the wings.

Yet another species, Danais

chrysippus, perhaps the com-

monest of all, is rich orange-red,

bordered with black on the hind

wings, while nearly the outer

half of the upper wings is black

crossed by a broken band of

pure white. These three but-

terflies may be said to be totally

unlike each other in colour and

markings, and each of them is

accompanied by a Papilio closely

imitating it, which have all been

described as distinct species.

A gentleman resident in Cape
Town (Mr. Roland Trimen), who
in 1861 published a book on the

butterflies of South Africa, had his attention called

to these cases of mimicry by the papers of Mr.

Bates and myself, and especially to the fact that

very often the females only have protective or

imitative colours. He then observed that all these
Pajjilios were, without exception, females, and no

male specimen was to be found in any of

the rich museums or private collections of

this country. He also observed that

wherever these butterflies were found, there

was also found the large and handsome
Papilio merope (Fig. 6), conspicuous by its

pale sulphur-yellow colour, the anterior

wings black bordered, while the tailed hind
wings are crossed by a broken black band.

This insect is as completely imlike all

the others as possible ; but it was always

of the male sex, no female being known
in any collections, and it was only found
in districts where some one or other of the

mimicking female Papilios were also found.

The two sorts were also seen flying together

and chasing each other, just as males and

females of the same species often do ; so,

putting all these things together, he ven-

tured to announce his belief that all were

one and the same species.

On close examination it was found that

there were many minute points of resem-

blance between these very different-looking insects,

and a number of entomologists who were already

acquainted with similar facts in other countries,

concurred in Mr. Trimen's view. Others, however.

Fig. 6.—Papilio merope (male).

strongly opposed it, especially Mr. Hewitson, who
possessed the finest collection of butterflies in

England. When figuring some of these female

Papilios in his work on "Exotic Butterflies,"
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he wrote thus:—"That the but-

terflies now figured are all fe-

males, there cannot, I think, he

a doubt; but that they are the

females of P. nierope, as suggested

by Mr. Trimeu, I do not for one

moment believe." And he sup-

ported his disbelief by what is

certainly a most remarkable fact,

that in the adjacent island of

Madagascar there is a slight

variety of Papilio merope, which

has a female almost exactly like

itself, wkile nothing resembling

the other females is found there.

In oi'der to settle the question,

Mr. Trimen requested his friend

Mr. Mansel Weale to endeavour

to obtain the eggs or catei-j^illars

of one of the disputed females,

and raise therefrom the perfect

insect. This was done. IMi*.Weale

found eggs and larvie of Fapilio

cenea (which was the name
hitherto given to the female

which resembled Danais echeria),

and .succeeded in i-aising fi-om

them thirteen butterflies. Of

these butterflies, seven were males-

Pig. 7.—Danais echeria (a) ; Papilio merope p (P. cenea).

85

Fig. 8.—Danais niavius (a) ; Papilio merope p (P. hippocoon [b]).

the well-known yellow-and-blaek tailed Papilio nierope ; four were

bufi*- banded females, mimicking Danais

echeria (Fig. 7); one was a black-and-white

female like Danais niaviiis (Fig. 8) ; and

one was a red-winged female like Danais

chrysipjius. Here was positive proof that

all these strangely difierent butterflies are

one and the same species, the females

mimicking distinct species of Danais !

There are several other interesting facts

connected with this butterfly. The cater-

pillar is the exact colour of the leaves it

feeds upon, and is thus protected ; the

chrysalis is of a remarkable, broad shape,

so as exactly to resemble a leaflet of the

same plant, and the undei- side of the male

buttei-fly is of mottled brown tints, and

when at rest chjsely resembles a dead leaf.

The perfect male is subject to the attacks

of Ijii-ds, since Mr. Weale saw one actually

cajjtured by a large crested fly-catcher

;

but they fly strongly, darting wp and

down with gi*eat rapidity, and thus no

doubt many escape. The flight of the

females is, on the other hand, heavy and
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slow, and while laying their eggs on the proper

foocl-[)lant they are esi)ecially subject to attack.

AVe may well suppose, then, that they were

once near extermination, when some ancestral

form varied sufficiently to become something like

one of the Danaidse, and thus obtained the pro-

tection necessary for the preservation of the race.

Why the Madagascar form of the s^^ecies did not

produce similarly diverse females is not quite clear;

but it is certain that in such islands as this, where

the number of species both of

birds and insects is much less

than on continents, the struggle

for existence is not nearly so

severe. Forests also are denser

and more extensive in Mada-

gascar, and thus offer better

concealment for insects, which,

therefore, may not need the same

amount of extraneous protection

as on the continent. Having

devoted so much space to Pajnlio

merope, we must pass by the

many other cases of mimicry that

occur in Africa, in order to notice

a few of those of India and the

Malay Archipelago.

In these countries three genera

of Danaidse, Danais, JSuploea,

and Idea, are very abundant,

each having a peculiar style of

colouring. Danais has elongate

wings, and is veiy varied in

colour, but Ls often semi-trans-

parent greenish or bluish-white

with black stripes, and often

suffused with yellow or brown. Eiiploea has more
rounded wings, and is usually dark coloui-ed, Avith

A\hite bands or spots, but is often richly glossed

A\'ith metallic blue, and very handsome. Idea is

veiy large, with thin papery wings of a whitish

semi-transparent coloui-, marked Avith round spots

or Avith bands of black. All these forms are closely

imitated by vai-ious species of Fapilio and Diadema,

of which only a few of the more remarkable can

be here noticed.

One of the most common Danaidse in Malacca and

Borneo is EujiJcea midamus (Fig. 10), the male of

which has the fore Avings of a brilliant metallic blue,

Avith faint bluish-white sj)ots, while the hind wings

are unifoi-m broAvnish black. The female diffei-s

considerably, the hind Avings being coA-ered Avith

narrow white lines radiating from the body, and

haA-ing a marginal rOAv of Avliite spots. Tiiis is

exactly imitated in the tAvo sexes of Fapilio pmr'i^-

doxa (Fig. 9), Avhich inhabits the A'eiy same districts,

but is, comparatiA'ely, rai-e; but the two species are

so much alike that I could hardly ever distinguish

them Avhen on the Avmg. The almost equally

common Euploea rluidamanthus Ls A-ery distinctly

coloured, Avith sharply defined Avhite patches and

blue spots on a black ground, very unlike any other

butterfly except the Fapilio caunus, Avliich imitates

Papilio paradoxa : male (a), and female (b).

it Avith wonderful accuracy both in markmgs and in

mode of flight. In the Philippine Islands the large

Avhite-and-black Idea leuconoe is closely imitated ly

the fine Fapilio idceoides of the same islands.

"We have here also two examples of female butter-

flies being modified for protection, so as to be quite

luilike their males. The male of the A'ery common

Diadema misijijyus (Fig. 11) is black, Av^ith four con-

spicuous OA'al Avhite spots margined with glossy blue.

The female is a totally different-looking insect, of

a rich orange-broAvn colour, maigined Avith black

and white, and with a white band crossing the

black apex of the anterior Avings. The idea of their

being tAvo sexes of the same s])ecies would never

strike any one, and would seem utterly preposterous

if it Avere told them for the fii-st time. It is, Iioav-

ever, undoubtedly the fact, and the female is an
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accurate mimic of the excessively common Danais

chrtjsippus. The male Diadema mlslppus flies

rapidly, and often moiints into the aii-, while the

female flies slowly and keeps low down; and as the

species frequents open grounds rather than forests,

she would be in great danger of extermination

while hovering over the plants on which she lays

her eggs, and thus has gi-eat need for the j^rotection

gained by her resemblance to the imeatable Danais

dirysippus which swarms everywhere (Fig. 11).

Fig. 10.—Euploea midamus : ina\e (a), and female (b)

The other case is that of a Diadema from the

larger Malay islands, which, owing to its rich

metallic blue gloss, had been described, thirty yeai-s

ago, as the male of another species. On close

examination, however, I found it to be a female,

while the male is a comjiaratively dull insect, with

hardly any blue gloss and much whiter spots. Tlie

two differ, in fact, just as do the sexes of many
butterflies, but in a revei"se way, the female being

here the more brilliant, the male far less so, for

which reason I named the species Diadema anomala.

The explanation of the anomaly is, that the female

mimics the male Euploia midamus with great ac-

cui-acy, and thereby acquires the protection which

her slow flight and exposure while egg-laying

renders necessary. This is a most interesting

case, as proving the great power of the need of

protection to lead to modifications of colour in the

female sex. For purposes of concealment, females

generally have less conspicuous tints than their

mates, but when protection can be more readily

secured by resemblance to species absolutely

free from molestation, they can acquire distinct

or even brilliant coloui-s, and such as are generally

characteristic of the male sex.

Cases of true mimicry

among Lepidoptei-a, such

as we have here described,

are almost unknown in

temperate lands, where the

forms of insect life are so

much less varied ; but

there is one very good

case in temperate North
America, and there are

also a few in our own
country. In the United

States the handsome red-

and-black Danais eri]ypus

is very common, and there

occurs with it one of the

Nymphalidse, Limenitis

archip'pus, which closely

resembles it in colour and

markings, and is totally

unlike all the other species

of its own genus. The

white moth, Sinlosomo.

menthrasti, mentioned in

our fonner paper as being

imeatable, is very abun-

dant; but there is another

moth, Diaphora mendica,

of which the female only is white, which appears at

the same time of the year, and is miich less common,

so that it is veiy probable that this species is

secure from enemies by being mistaken for the

uneatable kind. Our clear-wing moths of the

families Sesiidse and ^geriidse are, however, un-

doubted mimickei"s, many of the species resembling

bees, wasps, or ichneumons, as their names imply.

Sphecia crahroniformis, for example, imitates the

wasp, Odi/nerns andlope (Fig. 12); and the common

little currant moth, Trochilium tipidiforme, re-

sembles a small black wasp, Odynems sinuatus,

which is abundant in gardens at the same season.

Coming to the order Coleoptera, or beetles, we

find numerous cases of the mimicry of protected
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by defenceless species. Some extensive groups

have an oft'ensive taste like that of the Danaidse

Fig. 11.—Diadema misipiws : male \Jlj, and female (b) ; Dauais chrysippiis (c)

among butterflies. Such are the Euniorphida^ and

Hispidse, and e.specially many of the Malacoderms,

our own redand-black species of Telephorus,

commonly called " soldiers and sailors," being

refused by most, if not all, birds. These groups

Fig. 12.—Sphecia crabroniformis (a) ; Odyiierus antilope (b).

have all conspicuous colours and fly slowly, and

many of the species are mimicked by Longicorns,

a group of beetles which seems to be particularly

subject to the attacks of insectivorous creatures,

since a large number of the species have acquu-ed

])rotection, either by their colours,

markings, and rugosities, causmg them
to lesemble bark or foliage, or by their

habits of concealment, feigning death,

or feeding at night. Another gi-oup of

beetles are protected by the excessive

hardness of their integuments, which
render them uneatable to most insec-

tivorous birds. Such are many of the

Ciirculionidse and Anthribidse, and both

these gi-oiips are often mimicked by

Longicorns in a most perfect manner.

The most curious example is, perhaps,

that of the Longicorns

—

Doliops cur-

cidionides and D. geometrica of the

Philippines, which, both in shape and
colours, closely resemble weevils of the

genus Pachyrhyachus, peculiar to the

same islands. This is the moie remark-

able, because the insects imitated are

marked in a most unusual manner with

geometrical patterns, and possess the

most brilliant metallic colours. The
Eastern tiger-beetles of the genera Col-

lyris and Therates are also mimicked,

the former by a Longicorn, Collyrodes

Lacordairei, the latter by a species of

Heteromera, and in both cases the

imitation is very exact.

The same group—Longicorns—also

mimic many other insects which it is to

their advantage to be mistaken foi".

Diflferent species resemble bees, wasps

both blue and yellow, saw-flies, ants,

and the strong-smelling Hemiptera.

Our illustration (Fig. 13) represents one of these

beetles, which exactly resembles a large blue wasp,

both inhabiting the same districts in South America.

The reason why cases of mimicry occur so piuch

more frequently in this family of beetles than

in any other, is, probably, because their enor-

mous numbers and endless modification.s of form

and structure oflfer facilities for natural selec-

tion to work upon, some of them more or less

closely approximating to the form and colouring of

every other family of the order.

There are also many cases in which distinct

orders of insects mimic each other. Moths which

imitate bees and wasps have already been mentioned.

In the Philippine Islands two very singular cases

occur. An insect of the cricket family {Condyloderci
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tricondyloides) is so exactly like a tigei'-beetle of

the genus Tricondyla, that so old and learned an

entomologist as Professor Westwood placed it

among them in his cabinet, and kept it there for a

long time before he found out his mistake. An-

Fig. 13.—Sphecomorplia chalybea.

'Other species of the same cricket family {Scepastus

jMchyrhynchoides) mimics a species of Pachyrliyn-

•chus (P. veaustus), a beetle as totally unlike a

Tricondyla as it is possible to find.

"We camiot now do more than refer to the

^numbers of two-winged flies which mimic bees and

wasps,* or the spiders which resemble ants ; but

we must just mention the Mantis which Mr. Bates

found on the banks of the Amazon exactly re-

sembling the white ants it feeds upon, and the

crickets of the genus Scaphura,

which accui-ately mimicked

sand-wasps, the reason being

that the sand-wasps are espe-

•cially fond of crickets with

which to provision their nests.

These defenceless creatures have,

thei'efore, in many distant coun-

iries, been preserved, by ac-

<|uii-ing the form and colouring

of stinging Hymenoptera, car-

5iivorous Cicindelida?, or hard-

shelled Curculiouidae.

Owing to the comparative

stability of the external form

of the higher animals, and the

important outward differences

between the various gi'oups, the

facilities for the production of

mimicry rarely exist in their

case. Yet there are a few undoubted examples of

very great interest. The chief venomous snakes of

* This is often so remarkable as to deceive the best ob-

servers. One of our first entomologists, Mr. McLachlan,

informs me that once when out with a party of collectors

he captured what he took to be a pair of humble-bees, and

gave them to the late Mr. Frederick Smith, the greatest

authority on bees, who carefully secured them in his collecting-

America belong to the Crotalidse or " Pit-vipers
"

(of which the rattlesnake is the most remark-

able), and are known by their broad and almost

triangular heads ; but there is one genus of

poisonous snakes in America

—

Elaps, which be-

longs to a totally distinct family, and has a small

oval head just like many harmless snakes. These,

therefore, would be attacked and occasionally

killed by snake-eating birds and quadrupeds, unless

they had some distinctive mark as a notice of their

jiossessing poison-fangs ; and they have got this

mark in a peculiar style of colouring different from

that of any other snakes. They are all coloured

with alternate black, red, or yellow rings from head

to tail, giving them a most elegant and altogether

peculiar appearance—a distinctive livery pointing

them out as tmeatable, in the same way that the

Heliconidse are pointed out amid the host of eatable

South American butterflies. Now, just as the

eatable and defenceless butterflies of the genera

Leptcdis and Stalachtis have taken on the livery of

the Heliconidae as a protection, so there are two

or three genera of harmless snakes which have

taken on the peculiar livery of those poisonous

snakes, at least seven or eight species being known,

each accurately mimicking in different parts of the

Fig. 14.—Elaps lemniscatus (a) ; Pliocercus elapoides (b).

country the particular species of Elaps found there.

As an example we may name the deadly Elaps

box ; and it was only on reaching home and proceeding

to set them out that he discovered that they were not

bees at all, but flies of the genus Volucella, which are para-

sitic on humble-bees, and are thus disguised in order that

they may enter their nests with impunity in order to deposit

their eggs.
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lemniscad'.s, of Mexico, wliicli lias hroad black

bands on a red ground, each band divided into three

parts by narrow yellow rings ; and this very peculiar

colouring is exactly copied in the harmless Pliocercus

eJapoides of the same country (Fig. 1-i). We can

hardly have more wonderful and more conclusive

cases of warning colour and protective mimicry

than are afforded by these various species of

American snakes.

Birds offer a few imdoubted cases of mimicry, the

most perfect being that of some species of Minieta,

Fig. 15.—Mhneta bouruensis (a) ; Phileaon boorueasis ( b)

a genus of brown orioles, which mimic Philedon,

a genus of honeysuckers (Fig. 15). The latter

birds, it may be remarked, are the largest of theii-

family, and are very noisy and pugnacious ; they

are also very plentiful, and will band together to

drive away crows and even hawks that intrude

among them. We may presume, therefore, that

they are generally unmolested, and it would thus

he of use to any weaker bird to be mistaken for

them. The orioles, though nearly as large, are

decidedly weaker birds, and are far le.ss numerous,

and thus correspond to the general character of

mimicking species. In the island of Bouni, one of

the ^Moluccas, there is a peculiar species of Fhihdon

(P. bouruensis), and in the same island a pecidiar

species of Mimeta (J/, honrnensis), which are so

much alike that in a great French work, the

" Voyage de L'Astrolabe," the oriole is figured and

described as a honeysucker under the name of

Philedon bouruensis ! the two birds belonging to

families at least as distinct as thrushes and crows.

The manner in which the imitation is effected is

veiy curious. The Philedon bouruensis, as in

almost all the species of the genus, has a large bare

patch of black skin round the eyes ; this is copied

in the Mimeta bouruensis by

a patch of black feathers. The
nari'ow scale-like feathers on

the crown of the Philedon are

imitated by a dark line on the

broader feathers of t\\Q Mimeta.

On the neck of the Philedon

the feathei's are recurved,

showing their pale under-

surfaces and forming a kind

of ruff or cowl whish has

given to them the name of

friar-birds, and this is repre-

sented by a pale band in the

Mimeta; and lastly, the bill

of the Philedon has a protu-

berant keel at the base, and

the Mimeta has the same cha-

racter, though it is not found

in the allied species. The

colours of this pair of birds

are simply brown, darker above

and lighter below ; but in the

adjacent island of Ceram there

is another species, Philedon

subcornutus, which has a gi'eat

deal of ochre-yellow in its

plumage, and this is exactly

imitated by the corresponding Mimeta forsteni,.

both being confined to this single island. If it

could be thought that the resemblance in the one

case might be accidental, and that their occur-

ring in the same island was also a coincidence, the

occurrence of another pair in another island renders-

this explanation inadmissible ; but to any one who

has comprehended the general principles of mimicry

already set forth, it will be clear, that these are of

exactly the same nature in the case of these birds,

and can be explained only in the same way.

The family of birds which presents the greatest

number of cases of mimicry is undoubtedly that of

the cuckoos, the reason being that the species are-
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all of very weak structure and utterly defenceless.

Many of the true cuckoos are coloured exactly like

liawks, and this is particulaily the case Avith those

of the genus Hierococcyx, which are named hawk-

cuckoos. Dr. Jerdon states that //. varius, a

common Indian species, undergoes changes of

plumage exactly corresponding to that of an Indian

spaiTOw-hawk, Micronisus hadius, and that it is often

mistaken for that species by other birds. Another

Indian cuckoo (Surniculus dicruriokles) is black

with a deeply-forked tail, and is so exactly like the

common King-crow (Dicrurus inacrocercus) as to be

mistiiken for it. It is believed that it lays its eggs

in the nest of the lattei- bird, and that this is the

reason of its i-emarkably perfect mimicry ; but no

doubt it is also thereby protected from the attacks

of hawks, as the king-crows are very pugnacious

and aggressive birds, which attack and drive away
hawks, kites, and crows, a habit from which they

have obtained their popular name. In Sumatra and

Borneo there is a large ground cuckoo [Carpococcyx

rad'iatus) handsomely coloured with metallic purple

and red, so as to resemble the pheasants of the

•countiy of the genus Euplocamus.

Among mammalia there are hardly any examples

of one species imitating another of a different group

for the purpose of protection, the best perhaps being

the curious insectivorous Tupaias of the Malay
countries, which almost exactly resemble squirrels

both in their colours and their bushy tails, but

which belong to a totally distinct order. If this

resemblance is not accidental it must be for the

purpose of enabling them to approach their insect

jM-ey under the guise of harmless squirx'els. Another

case is that of the Aard-wolf (Proteks), which has

weak jaws, and feeds on white ants and carrion, but

which is coloured and spotted exactly like the

savage hyaena; and it may avoid the attacks of

the more powerful carnivora, owing to the very

general fear of the terrific bite of the animal it

resembles.

In describing the phenomena of mimicry it is

difiicult to avoid conveying the impression, that

there is some voluntary action in the creatures that

thus seem to disguise themselves in order to be

mistaken for quite different creatures ; but those

wlio have understood the explanation given in our

former paper, of the mode in which ordinary pro-

tective resemblances have been brouglit about, will

not fall into this mistake. If an Arctic bird has

become white, and a forest bird green ; if one insect

is coloured like a leaf, another like the bark it

clings to, we can easily see that it is only a step

further in the same process for one insect to become

exactly like another insect.

Some persons, however, have objected, that .so

many steps are required in the process of )iiaking a

white Leptulis resemble a highly coloured Ithuinia,

that the chances against the necessary variations

occurring are infinite. It is forgotten, however, that

both the groups to which these genei'a belong have

been undergoing constant changes for covmtless gene-

rations. Many Pieridae have dusky, or yellow, or

red markings, and many Heliconidse have compara-

tively little colouring ; and if we go back to the I'e-

mote epoch when the Heliconida^ and Pieridie were

both much nearer to their common lepidopterous

ancestor, we can have no difficulty in belie\"ing that

species of one family might sometimes not be very

unlike species of the other family. Now if at this

remote period the Heliconidte began to acquii-e the

peculiar nauseous secretion which became a pro-

tection to them, and allowed them to increase and

vary greatly, and to acquire the brilliancy of colour,

length of wings, and sl0\^^less of flight Mhich no\\"

distinguish them, it is not improbable that here

and there one of the Pieridaj should be sufficiently

like them to be mistaken for one of the group, and

thus acquire a partial protection. This jjrotectioii

would inevitably increase by the simple action of

natural selection, those variations of the ancesti-al

Leptalis or Eiiterpe having the advantage which

followed the variations of the ancestral Ithomia or

Mechanitis, and thus, in the course of thousands or

perhaps millions of generations, that close i-esem-

blance which we now see would be brought about.

It must be remembered too, that the imitation

would be rendered more accui'ate as time went on,

owing to the increased acuteness of the insectivo-

rous enemies of the butterflies. An impeifect

resemblance would, after a time, be found out, and

this would lead to the selection and perpetuation of

more and moi'e perfect mimiciy. It may be asked,

how do so many species of Lej)talis still sur\ive,

which are yellow and white and not at all like

Heliconida^ 1 and we can only give a guess in re2)ly.

Many of them are more rapid fliers ; some may have

diffei-ent habits, and in some the lavvx may have

better means of concealment and protection. As
Mr. Darwin has remarked, we can seldom say why
one of our native insects should be very common
while another is very rare, and to ans\ser similar

questions regai-ding tropical insects is, of course,

impossible. Our ignorance in this respect does not,

however, pi-event us from acquiring knowledge in

other directions, and does not in the least affect the
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extraorcliiiary facts of mimiciy, only a small selec-

tion of which have here been laid before our readers.

These facts ai'e so varied and so extraordinary, they

occur in so many distinct groujis of animals, and in

so many different parts of the world, and they have

been so carefully studied by several good observers,

that not a doubt remains as to their reality ; while

no theory but that of Natural Selection affords

—

in my ojiinion—any intelligible explanation of

them.

THE PHYSICS OF MUSIC.
By Professor F. K. Eaton Lowe.

THERE are few ears anatomically perfect that

are altogether insensible to the charms of

music. Its power to soothe or to a

excite, to soften and to refine, to

move to sadness or to rouse to pas-

sion, is no mere visionary sentiment

conjured up by poets and musicians,

but an actual potential influence,

which has been felt and appreciated

by mankind from time immemorial.

As education advances, music be-

comes more genei-ally regarded as an

essential and integral part of it, and

the " concourse of sweet sounds,"

from being a soui'ce of mere sen-

suous enjoyment, becomes a subject

of intellectual study. It is the

cultivated musician alone, however, who can

extract from music all the enjoyment it is

capable of afford-

ing.

His disciplined

ear alone can un-

I'avel the intrica-

cies of the com-

bined counter-

points, ai>preciate

fully the resolu-

tion of chords,

comprehend the

working out of a

theme, or detect

the unity of idea

pervading an
entire composi-

tion. But it is

reserved for the

physicist to ex-

plain to the musi-

cian the various

Fig. 1.—Marloye's Harp of Wooden Rods, phenomena which

accompany the production of those sounds witlu

which he is so much enraptui'ed ; and the admi-

Fig. :i.—Tlie Sonoiueter.

ration which he feels for his favourite art cannot

but be heightened by the knowledge thus acquired

of the physical laws which operate in its exercise

and development.

The general laws relating to the propagation of

sound through air have already been discussed in

these pages (Vol. I., p. 124), so that, in this paper,

we shall confine ourselves to the considei'ation of

those vibrations which, simply or coinpounded, are

concerned in the production of those multifarious

acoustic effects included under the general term

music.

Musical sounds ai-e produced by the vibration of

strings or wires, in a state of tension, of rods of

metal or wood, metallic plates or tongues, and b\-

air-pviLsations within tubes or pipes ; thus we have

stringed instruments, as the harp, violin, anol piano
;

wind instruments, as the organ, trumpet, and cornet;

reed instruments, in which a peculiar quality is

imparted to the sound by the vibration of narrow

slips or tongues of metal, as the eboe, bassoon, har-

monium, and the reed j^ipes of organs ; and, lastly,

instruments of a more primitive character, in which

solid rods or plates—either of metal or wood—are
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employed, as cymbals, triangles, ^Nlarloye's harp

(Fig. 1), and the clnqnehois of the French, which,

constructed of glass or metal instead of wood, is

here known as the harmonica.

We will fii-st examine the phenomena attending

the vibration of strings or wires. Such vibrations

are most readily in\estigated by means of an in-

stiiiment called a sonometer, or monochord. It

consists simply of a string of catgut attached to a

fixed point, carried over a pulley, and stretched by

a weight at the other end (Fig. 2). Under the

string Ls the sound-board c, which is a hollow box

canying the pulley and two bridges a and b, the

latter of which alone is capable of a sliding motion,

by which its position can be altered at pleasure.

The sti-ing rests upon the two bridges, and it is

e\'iilent that, by sliding the bridge B to or from a,

we lengthen or shorten the vibrating part of it,

and thus obtain a note of any desired pitch, in the

same way as by altering the length of a trombone

or an organ pipe. The tension of the string can

be regulated by a proper adjustment of the weights

by which it is stretched. The sound-board is an

important part of the apparatus ; for, without it,

no musical sound would be emitted by the string

when set in vibration, as the amount of motion

communicated to the air by this means alone is too

small to produce sonorous waves. But the hollow

box takes up the vibrations of the wire, and, by

means of its larger surface, they become intensified,

so that the efiect upon the surroimding air is vastly

increased. To show that no musical sound, but

simply a vibratory hum, is elicited from a stiing or

wii-e dissociated from the sound-board, we have only

to stretch such a wii-e upon two uprights connected

by a cross-piece (Fig. 3) and to set it in motion

Z_A 2A
Fig. 3.—Tlie Xon-Musical String.

either with the finger and thumb or with a violin

bow. The practical application of the sound-board

to stringed instruments has been knoAvn for ages,

although the principle upon which its action de-

pended was not imdei-stood till acoustics developed

itself as a branch of physical science.

Without its sound-board, the harp would be

silent; and the \-iolin. witliout its hollow case of

86

perfectly elastic and well-seasoned wood, wouhJ

be incapable of rendering audible those wonderful

gi'aduations of tone which distinguish it from all

other instruments. The resonant efiect of elasticity

in the Avood of the sound-board is best exemplified

by the comparison between an old violin and a new
one, or one in which the wood is tenacious and un^

yielding. The one may be cheap at a hundred

guineas, while the other may be almost worthless

except as a toy. The violin may be regarded as a

sonometer with four strings instead of one, stretched

by pegs in the place of weights to any required

degree of tension. The bow used to set the strings

in vibration is rubbed with resin to increase its

])urcha,se or hold upon their fibres, and thus to

l^roduce a more perfect excitation. Wires are

capable of vibrating in two directions—longitudi-

nally and transvei-sely. Tlie fii-st kind of vibration

takes place when a wire is rubbed in the direction

of its length, but it is infinitesimally small when
compared with the transverse, or the vibration

from side to side ; and this, then, we shall proceed

to consider.

When the wire of the sonometer is drawn aside

or plucked at its middle point and released, it com-

mences a series of oscillations, its excursions on

each side of the position of rest being performed,

as in the case of the pendulum, in the same time

iiTespective of distance : for the greater the distance

to which the wii-e is drawn from its horizontal posi-

tion, the gi-eater will be the force impelling it, and

the more rapid will be its vibration. The arcs

gi-adually become smaller, the oscillations less

rapid, and, ultimately, friction and gravity com-

bine to bring the wire to rest. When a wire is

made to vibrate, as a whole, in the way just de-

scribed, the sound it emits is its lowest or funda-

mental tone. Now let the movable bridge of the

monochord be moved nearer the fixed bridge, till it

stands under the middle point of the wire. This

point can at once be detennined by reference to the

scale engraved on the upper surface of the sound-

board. The scale is gi-aduated into a hundred

parts, so that the bridge in our present experiment

stands at 50. On agitating the wire, we shairfind

that the note it emits is no longer the same, but

the octave of the fundamental. The wire now
A-ibrates twice as quickly as it did before ; so that

the proportion between the rates of vibration, a

note and its octave, is as 1 to 2. Again, move the

bridge towards A till it stands at 33, or one-third

of the original length of the wire. The note it

now gives is of a still higher pitch than before ; it
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is the fifth above tlie octave, or tlie twelfth above

the fundamental, and thus, by continually shoi'ten-

ing the sti-ing, we obtain notes that become pi-o-

poi-tionately more acute, till at length they become

too shrill to enable us to attach to them any precise

musical value. In the same manner, by proceeding

in the other direction and lengthening the string,

the rapidity of the vibrations is diminished, and

the notes emitted become gradually graver, till

they are no longer appreciable as music. By
moving the sliding bridge to different points

between those which yield the fundamental and

its octave—that is to say, between 1 and 50—we
shall discover the lengths of the strinoj which emit

all the notes of the diatonic scale. These lengths

ave indicated by the fractions placed below the

respective notes, as follows :

—

E3z^

The length of string necessary to produce the

fundamental or primary note c is here assumed to

be 1. The length required to yield the note D

will then be f of this distance, and so on. But

we have seen that when a string is halved, the

rate of its vibration is doubled : so that if we wish

to show the comparative rates of vibrations pro-

ducing the notes of the gamut, we must I'everse

the above fractions, thus :

—

The number of vibrations, therefore, necessary to

produce d is f of that necessary to produce c, and

so on. This rule is usually stated thus :

—

The rate

of vibratio'iis is inversely projwrlio'fial to the lemjtli

of the vibi-ating body. In the piano, instead of

one wire being employed to produce different notes

by variation in its length, a number of Avires are so

arranged, that their* lengths are proportioned to the

above series of I'atios. This, however, is on the

assumption that all the wii-es are of equal thick-

ness and density, and all pulled with equal tension.

The thicker the wire, the lower is its rate of

vibration ; and, consequently, the lower its pitch.

The lower wires of the jiiano are not only thicker

tlian the upper, but their diameter is practically in-

creased by being bound round with copper, and

thus, shorter wires than would be otherwise

necessary can be employed for the bass notes.

In this way we airive at the following law :

—

The

rate of vibration is inversely proportional to the

diameter. Two more elements remain to be taken

into account Ijefore we can detei-mine all the con-

ditions under which a string vibrates. These are

tension and density. The greater the force em-

ployed to stretch the string, the greater will be

the i-apidity of its vibrations; in other words, the

rate of vibration is directly ^^I'ojiortional to the

square root of the siretching weight. Sui)pose, for

example, a wire, when stretched by a weight of

1 lb., vibrates 200 times in a second, then we can

cause it to execute 400 A'ibrations in the same time

by applying a weight of 4 lbs., or treble the number-
that is, 600 vibrations—by a weight of 9 lbs. Lastly,

the rate of vibration is inversely p)i'oportional to the

square root of tlie density. ' Two wires may have

the same length, thickness, and tension, but unless

their density be equal—that is to say, unless they

have exactly the same amount of matter in the

same bulk—there will be a variation in their rates

of vibration, and, conseqiieiitly, a difference in their

musical pitch. Wires of platinum, copper, and

iron of the same length and thickness would have

different weights, their specific gravities being

respectively 21 "5, 8 "9, and 7 '8. The iron wire,

stretched by the same Aveight would, therefore,

vibrate more rapidly than the copper wire, and

this again, much more rapidly than the platinum.

The first of these four laws will apply equally well

to vibrating columns of air enclosed within tubes,

as an organ pii:>e, trumpet, or trombone. The

longer the tube, the deeper is its musical pitch.

Thus it is that, in the Pandean 2>ipes, and in each

stop of the organ, we observe the sounding-tubes

arranged in a regularly diminishing series, termi-

nating at the treble end in pipes only two or three

inches in length, and less than half an inch in

bore. In some of our gi-eat organs, as those of

the Albert Hall, the Alexandra Palace, and St.

George's Hall, Liverpool, the gi*avest sounds are

produced by pedal pipes thirty-two feet long.

These pijies excite about sixteen vibrations per

second, while the shrillest in the treble produce

.3,520 vibrations in the same time. These numbers,

then, rejiresent the complete range of vibrations

corresponding to the full musical compass of seven

octaves. But the human ear is capable of per-

ceiving sounds much more acute than any we can

elicit from musical instruments. Many sounds, so

shrill as to be produced by .38,000 or 40,000

vibrations per second, are, to most ears, perfectly

audible. It must be remembered, however, that

the limit of susceptibility in the human ear

I
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varies, like tlie po%rer of ^ision, in difterent indi-

viduals. Sounds which are either too grave or

too acute to be heard by some persons, are dis-

tinctly audible to others. As each octave is pro-

duced by twice as many vibrations as the one

immediately below it, we shall find by continuing

the geometrical series, commencing at sixteen

and continually doubling, that we shall get a

ranpje of rather more than eleven octaves.

thus :—
16 32

1

2,048

64

2

4.09G

8

128

3

8,192

9

2.3G

4

512

16,384

10

1,024

6

32,768

11

Tliis range of power in the organ of hearing is

vastly greater than that possessed by the eye.

Our power of vision is limited to a

range of one octave only—that is to say,

from the red end of the spectrum to the ^^^^

violet. We know that the spectrum is ^^"^^^^

continued beyond these points in each

direction, but that the eye is not suffi-

ciently sensitive to render -\-isible the rays which

are above or below a certain degree of refrangi-

>)ility. An ingenious little instrument, called

the Galton whistle, furnishes a good acoustic

gauge, by which the degree of sensibility in the

ear to veiy aci^te sounds may be measured. The

whistle may be lengthened or shortened, by means

loops, or ventral segments, which will continue

vibrating even when the damper or feather is

removed. Now damp the string at a distance of

one-third of its length, and set in motion the shorter

division. The longer portion will at once divide

itself into two segments, so that the whole wii-e

will be divided into tln-ee equal portions, as in

Fig. 5. Between each segment is a point of

apparent quiescence, called a node. The difference

in the vibratory condition of these points and the

segments themselves may be effectively demonstrated

by the use of little paper riders. Place one on the

node c, and another on the centre of each segment.

The latter will be thrown ofi", while that on the

node will maintain its seat. However small the

agitation of the string at the nodes may be, it is

4 A .I\

^^. =^

I ig. 4.—Showing Vibration of String Damped at the Middle,

of a sliding tube, to the hundi-edth part of an inch,

so that it affords exceedingly minute variations in

pitch, till the shrillest possible sound is reached. If

a number of pereons are placed at a distance of

a few yards from the experimenter, their relative

auditory capacity ^^ill be tested in a somewhat

amusing manner.

There are certain phenomena associated with

the vibration of strings that are as re-

markable as they are important in a

musical sense. ,,-

-

If we damp a string at its middle point .'"

—that is to say, bring down upon it any --—,.

light substance such as a feather—and

draw a bow across one of its halves,

the untouched half will also be thrown into vibra-

tion. Let A B (Fig. 4) represent the string of

the sonometer, and c the point damped, then on

asitation we shall observe two segments known as

Fig. 5.—Showing Vibration of String damped at one-third of its Length.

ob^-ious that they cannot be points of absolute rest,

for, otherwise, the vibration of the entire wire could

not be maintained.

Again damp the string, at a distance of one-

fourth of its length, and pluck the shorter division.

The longer or untouched portion immediately

divides itself into three equal segments, separated

by tAvo nodes (Fig. 6). Place paper riders

"""n, on each node and on the centre of each
--'' seimient. These will be thrown off, while

those on the nodes will remain station-

ary. Proceeding in this way, we can

divide a vibrating wire into any number of ventral

segments we please, the nodes between them being

produced by the meeting and coalescence of direct

and reflected waves.

"We have seen that the jntch of a note depends

upon the number of vibrations j^er second ; the

intensity of a note depends on the amplitude of the

wave producing it. The greater the force applied

i\ A

^ -^ ^
Fig. 6.—Showing Vibration of String damped at one-fourth of its Length.

to set a string in vibration, the gi-eater will be its

width of swing, and, con.sequently, the more power-

ful will be the impression of the wave upon the

sound-board.
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Tlie more force we ap])ly to tlie key of a piano-

foxle, or the bow of a violin, the more intense will

be the sound produced, but we do not thereby alter

the pitch of the note, although, for reasons wliicli

will 2:iresently be apparent, we affect its quality.

Ha\"mg determined tlie conditions upon which

pitch and intensity depend, we turn to the con-

sidei-ation of musical qiuiUtt/. We commonly, but

erroneously, emjjloy the word tone when referring

to the quality of a musical sound. The term is

pi'operly a[)plicable to express a certain musical

interval ; but if we are to restrict ourselves to our

own tongue, there is no alternative but to use the

vague and unsatisfactory term quality. The

French word timbre is much less A'ague, and is now
pretty generally employed by musicians. Professor

Tyndall uses the still more expressive term clany-

tint, derived from the klangfarhe of Helmholtz. He
justifies this on the ground of the complete analogy

between light and sound. The perception of both

is due to aerial vibrations affecting differently the

organs iipon which they impinge ; and conveying,

consequently, different impressions to the brain, the

real seat of all our sensations.

As a tint in colour is the visual effect of rays

having a special and constant rate of vibration, and

a mixed tint is the result of the super-position of

I'ays having different rates, so we may have a simple

sound and a compound sound, which are produced

by precisely similar wave-actions ; so that we may
speak of the tint or colour of a sound with scientific

propriety, however much opposed the phrase may
be to colloquial usage. A pure, simple sound is as

rare as an absolutely pure colour ; all natui-al tints

are more or less blended ; and every musical sound,

from whatever source, is more or less compounded.

To many musical peoi)le it will ajipear strange to be

told that the " pure " tones of their favourite piano,

or violin, are not simple, but mixed, and that the

full and agreeable quality, or timbre, of such notes

is entirely due to the fact that they are choi-ds coni-

jjrising numerous intervals between the fundamental

and the fourth octave above it. This wiU become

evident from the consideration of what has been

stated respecting the sub-division of a vibrating

string into segments which multiply as the jioint

agitated approaches one end.

When a wire vibi'ates as a whole, there are

always jiartial vibrations super-posed upon the

primary one, and these secondary vibrations give

rise to tones which, although masked by the funda-

mental, are nevertheless present, sometimes in

considerable number. These notes are known as

Harmonics, and are called by Tyndall overtones.

They have also received the name of " upper partial

tones," but the first of these terms .seems to be the

most technical, as it is also the one most generally

employed. The existence of these harmonics may be

readily demonstrated. If we strike sharply one of

the keys of the pianoforte, or, better still, of the

harmonium, and listen attentively as the sound of

the fundamental dies away, we shall distinctly hear

three or more of the harmonics. Those which are

most prominent, and cannot fail to be heax'd by

every discii^lined ear are the octave, the twelfth and

the double octave. Other overtones are present, as

the third, fifth, seventh, and tenth, but they are not

so ea.sily distinguishable. The experiment had better

be tried with some note below the middle c of the

instrument, because the higher the fundamental, the

more acute vvdll be the harmonics, and consequently

the more difficult will it be to detect them. A good

plan to follow is to strike fir.st the octave and then

the twelfth of any note whose harmonics we wish

to hear, and, when the sound has died away, to

strike the fundamental. Our ears having thus

become prepared, we shall the more readily discover

the corresponding overtones. Proceeding in this

way, we shall find the sixteenth plainly audible, but

in all cases, the more quickly the finger is removed

from the key, the more successful the experiment

will be. The effectiveness of what is called " touch
"

in pianoforte playing, depends mainly upon the de-

velopment of the harmonics. Much light has been

thrown on this subject by the researches of Helm-

holtz. To this profound physicist the world owes

the diseo\ery that the distinction between one

musical instrument and another in respect to

timbre is due to the presence or absence of certain

harmonics. If we could eliminate from the piano-

forte, harp, and violin their characteristic overtones,

and leave them theii' primary sounds only, these

instruments would be undistinguishable from each

othei-. Tlie music of our finest orchestras would be

shorn of that biilliancy and variety which result

from an artistic combination of stringed and ^\dnd

instruments, while tlte reeds of the bassoon, oboe,

and flageolet would lose theii- peculiar character and

become reduced to the same le\el of flatness and

monotony.

Musicians long ago foixnd out how much the

" tone " of their stiinged instruments dependetl

upon the point struck, although they were unable

to give any satisfactory theory upon which the

determination of tliat i^oint might be based.

If we strike the wire of our sonometer in the
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centre, the sound it yields is dull and flat ; but as we

move the point agitated farther from the centre, the

-sound increases in brilliancy, although its pitch—

•

Avhich, as we have already seen, depends upon the

length of the wire—remains the same. But if our

wire is plucked too near its end, the number of

ventral segments formed becomes so large that some

of the harmonics are dissonant, and give a percep-

tibly disagi'eeable clang to the sound. Pianoforte

makers place the hammei-s of theii* instruments at

a distance from the ends of the wii-es of about one-

seventh of their length, and thereby avoid over-

tones which would be a source of dissonance.

Helmholtz has devised an ingenious method by

which a comjiound note may be analysed into its

•constituents. Before describing his plan, it will be

necessary to explain what is meant by resoaance, or

si/mpathetic vibration. If a timing-fork is sounded

in proximity to another of the same size, and yield-

ing, therefore, a note of the same pitch, it will set

it in \'ibration ; in other words, it -will respond to

the first, or resound sympathetically. In the same

way, an organ-pipe of the proper length will respond

to the tuning-fork, and a cylindi-ical glass jar having

its column of air adjusted to the proper length, by

pouring in water, will resound in a similar mamier.

If one of the forks is thrown out of tune to the

smallest possible degree by loading one of its prongs

with a pellet of wax, it will not resound to the

other, because the equality between the rates of

vibration is thereby disturbed ; and if the organ-

pipe is lengthened or shortened by the fmction of

an inch, or a little more water poured into the glass

vessel, resonance in like manner will be anni-

hilated. The term " sympathetic " sometimes

applied to these resonant vibrations is more popular

than scientific. It is simply a case of synchronism,

the vibrations of the resonant column being timed

in exact accordance with those of the tunincr-fork

inches. When the fork vibrates from a to b

(Fig. 7), it genei-ates what is called a wave of cou-

tlensation, ])roceeding in this case to the distance

of twenty-four inches. This is regarded in this

country as half a wa^e-lengtli, because it is fol-

lowed by a wave of larefaction returning from

B to A ; but in France it is usual to consider it as

a whole vibration.

If the resonant vessel, then, be twelve inches

long, the wave \vill just

reach the bottom and back

again by the time that the

rarefied wave commences

its journey. This perfect

synchronism produces re-

inforcement of the sound.

Upon this principle are

constructed the " reso-

nators " used by Helm-
holtz in his analysis of

compound sounds. They
are oblong boxes of elastic

wood with an opening, or

embouchure, at one end for p;^ 8.-Tuni„<,.fork mounted on

admitting the sonorous Eesonant Case
;
w Clamp for

° lowering rate of Vibration.

wave, and another on the

top fitted with a flexible tube which may be

applied to the ear (Fig. 8). The internal capacity

of these resonators is so regidated that they will

severally resound to notes of a given ])itch, and

to no others ; that is to say, in a properly gra-

duated series each will augment a note of its own
pitch only.

Suppose, now, we have before us a series of twelve

resonators adjusted to a given fundamental, its

octave and ten more of its upper harmonics. On
sounding, in front of the row of embouchures, an

organ-pipe of the same pitch as No. 1 resonator,

we should expect to find all the other resonators

silent. Instead of this

24 Inches.

or other sounding body. Tlae

length of a resonant column is

always one quarter of the length

of the waAe which sets it in

motion. Sui)pose, for example,

that the length of the sound-

Avave ])roduced by the foi'k is forty-eight inches,

then the length of the glass jar must be twelve

rig. 7. — Souiid-Wave
from Tuning-fork.

being the case, however,
B"----, we shall notice, on apply-

___,
—""

ing the tubes to the ear,

that resonance is estab-

lished in several of the

other members of the series. What does this

prove 1 Evidently, that the note emitted by the

pipe is not a simple but a compound one : that

it is, in fact, a mixture of notes, all of them more

or less feeble in com2)arison with the funda-

mental. By this method of analysis twelve or

thirteen harmonics may be discovered as the

constituents of many apparently simple notes.
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e.s2)ecially tliose of tlie violin, their s\iccession being

as follows :

—

, , ,

/ -~—-|-^z—(-- 1 1 1

A:^ALm.
^

1

m-
-i^

-«L —--

p^v^EE—:£Ez~ =---=^=^-^=(1

CCGCE Ob!> C DE GBfBtlC
Harmonics from the great C, the lowest note of Violoncello.

In some sounds, as those yielded by a tuning-fork

and stopped organ-pipe, the overtones are so few

and feeble that, for all practical pur-

jjoses, such notes may be regarded as

simple. Instances of sympathetic vi-

bration are more common than is gene-

rally supposed. It has often been

noticed that tremors have been set up

in a glass shade when a particiUar note

has been struck on a pianoforte in the

same room, while it has remained per-

fectly unaffected by every other note.

The mass of air in the shade has been

of such dimensions that its vibrations

have synchronised with those of the

wire, and these shades, and even par-

ticular panes of glass, have been known
to be broken by sounds of suflBcient

intensity and proj^erly regulated pitch.

Let us now examine the aerial vibra-

tions of wind instruments. The king

of these instruments is, of course, the

organ, whether we regard its magni-

tude, power, variety of orchestral

effects, or the complicated acoustic and

mechanical machinery by which these

effects are produced. The pipes of the

instrument, wdiich sometimes number

as many as five thousand, are both oi

metal and wood, the former being cir-

cular and the latter square. They are

inserted into holes in the sound-board,

or wind-chest, which is a reservoir of

compressed air received from the bellows

by means of leaden wind-trunks or con-

duits. Each pijie consists of a naiTow

conical ybo< and a long square or cylin-

drical bodi/, and at the point of attach-

ment is the mouth, or embouchure,

which is an opening having a sharp,

oblique edge a (Fig. 11). Against this

edge the compressed air strikes as it

issues in a thin current from a narrow-

slit at the summit of the foot b. The violence

Kiff. 9.—Vilir.i-

ting Mem
lirano in
Organ-Pijie.

of the impact sets the air in the embouchure

into rapid vibration, but if the action were confined

to this point no musical sound would be produced.

The vibrations are taken up and reinforced by the

pipe, which acts as a resonator, so that the aerial

column within is the real sounding body. Now,
this aerial column vibrates longitudinally like a rod

free at both ends, and divides itself into ventral

segments separated by nodes just in the same way
as the string of our sonometei-. We should, there-

fore, expect the production of a fundamental note

and its harmonics on the same jirinciple as that

enunciated in speaking of stringed instruments, but

under modified conditions ; for here we have longi-

tudinal, instead of transverse, vibration, and a

column of air free at both ends instead of a string-

fixed at both ends. When an open organ pipe

sounds its fundamental note, there is always a node

in the centre of the pipe and a loop or segment on

each side of it, because a wave is reflected from

each end of the pipe, and both meet in the middle,

producing condensation, which is followed by the

usual rarefaction on their separation. This con-

dition of the air within the jiipe may be well

demonstrated by the following experiment devised

by Edward Hopkins, whose work on the organ is so

deservedly popular. A thin membrane is sti'etched

across a cardboard ring (Fig. 9), and suspended by

a string so that it can be let down into a sounding-

pipe, or drawn up at pleasure. When a musical

note is being produced, the membi'ane will vibrate

as it descends, but when it has i-eached a node the

vibration will cease, because the air at that point

is at rest. If fine sand is strewn on the membrane,,

it will dance up and down in its passage through a

segment, but will cease to be agitated on reaching

the node. On allowing the membrane to descend

still farther and to pass the node, its vibration will

recommence, and the grains of sand will again

resume their dance. If we increase the force of the

blast, the note will be raised an octave, which con-

stitutes the first overtone of the pipe. On testing

the condition of the vibrating air with the mem-
brane w-e shall discover that the node has vanished

fi'om the middle of the pipe, and its place is supplied

by a segment. In fact, we have now two nodes

equi-distant from the centre of the pipe, and fovr

segments instead of two. When the second

harmonic is sounded, the column will be divided

into six equal parts, and thus we find the ratio of

vibration to be expressed by the numbei'S 1, 2, 3,

4, &c. We cannot make the same pipe produce

any intermediate note between the primaiy and its-
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octave, because, wlieu the aerial column divides

itself into two equal parts, the rate of vibration is

•doubled, as in the case of the stretched strmg.

Some organ pi[)e.s are stopped or closed Vjy a plug.

Fig. lu.—A Musical Keed.

A stopped pipe is one-half the length of an o^^en

pipe yielding the same note, for, as the sound-wave

is arrested by the plug, that point becomes a node,

.and the rest of the pipe is occupied by a loop or

segment. Such a pipe cannot be made to sound

its octave, because the au-, when set in vibration,

ilivides itself into three segments instead of two,

and consequently yields the twelfth as its fii'st

harmonic. By increasing the blast, we divide it

into five equal loops, so that the ratio in this case

is expressed by the numbers 1, 3, 5, 7, &c. The

Jiarmonics of a stopped pipe are very feeble, and

the sound it emits, though

mellow, is destitute of bril-

liancy and chai-acter. The

most brilliant sounds of the

organ are produced by reed

pipes (Figs. 10, 12, 13). These

are pipes in which the vibra-

tion is influenced by a reed, or

tongue of metal, similar to

those employed in the har-

monium and concertina (Fig.

10). A simple form of the

reed is seen in the toy called

a Jew's harp, while a similar

vibrating strip of metal is employed in every

child's trumpet. The reed used in organ pipes is

known as the " free reed." It is a narrow plate of

copper fixedat one end over a rectangular

apei-ture, so that when it moves up and

down it just gi-azes the sides of the

•opening without altogether closing it.

The })itch of the pii)e is determined

Iby the length of the reed, and a bent

Avire (n, Fig. 13), being placed in con-

tact with it, can be moved up and

<lown, and thereby practically lengthens

or shortens the reed. In this way, reed

jnpes, which are constantly getting out

of order from changes of temperature,

can be tuned. They are usually sur-

uiounted by a conical tube, or horn, to increase

±]\e intensity of the sound.

Tig. 11.—Mouthpiece of
Pipes.

.*, Wooden or Flue Pipe; b,
-Metal Pipe.

There are other reeds, called beatiny reeds, which,

being longer than the aperture over which they are

placed, entirely close it. Such reeds are employed

in the clarionet, oboe, and bassoon, and the best

organs are furnished with stops in

imitation of these instruments. The

distinction between the clarionet and

the flute is, that the former is a

stopped reed pipe and the latter an open

one without a reed. The bassoon and

oboe are supplied with a double reed, and

the air is blown through a slit between

them.

In tuning instruments, a narrow steel

bar bent in the form of a U, and called

a tuning-fork, is employed. The number

of its vibrations per second is constant,

and therefore its pitch is invariable.

Thus the fork yielding the middle a of

the pianofoi-te makes 440 vibrations per f^f,."^'i^!

second, and the c above it 5 1 2 \-ibi-ations Timms.

per second. The reader may probably wish to know
how these calculations are made. M. Savart's

method is founded on the principle that a musical

sound is produced by taps following one

another with suJ0B.cient rapidity and in

l>erfect periodicity. His ajiparatus (Fig.

14) consists of a toothed wheel which is

made to revolve rapidly by means of a

larger wheel. The teeth act against a

card, and produce a musical sound. If

we wish to ascertain the number of vibra- Eeed de-

tions executed by any given note, we biing „ ^,^g j^^

the sound of the appai"atus into unison
''^"°"'^-

with it. The number of revolutions per second

made by the wheel, multiplied by the number of

teeth, will give us the number of vibrations of

the card per second. Tlie most ]ierfect instrument

14.—Savart's Appanitus for determiniujr Rate of Vil)ratian.

{I, Tdutlied Wheel, acliii!.' on CuvA, b.

of tliis kind, however, is the Siren, inventetl by !M.

Cagniard de la Tour, and improved l)y Ilehidioltz,
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In this ingenious apparatus, a musical sound is

produced by a rapid succession of puffs of air. A
bi"ass cylinder, b, is fitted with a plate jiierced by a

series of holes arranged in four concentric cii'cles.

Fig. 15.—I., Cagniard's Siren ; 11., the Double Siren of Helmholtz.

These holes are pierced obliquely, and above them

is a revolving disc similarly perforated, the obliquity

of the holes being in the opposite direction, D. When
air is urged into the cylinder and throtigh the

perforated plate, it is evident that the upper disc

will be driven round by the impact of the ctuTents

against the sides of the holes. An axis {h, Fig. 15)

is fitted into the disc and revolves with it. The

upper end of th€ uxis is cut into the fomi of a

screw, and its revolution sets in action two dials c.

by which the number of revolutions is recorded.

By properly regidating the blast of aii- from the

acoustic bellows, we can cause the

siren to yield any required note. The
number indicated by the dials, multi-

plied by the number of holes, gives the

number of vibrations, or puflTs of air,

in the given time. Tlie four series of

holes number respectively 8, 10, 12.

and 16, and these can be combined

in any way by the pegs c, c. If we
open, for example, the series 8 and 16.

we shall get a note and its octave,

whether the pitch be high or low ; oi-,

if we open the series 8 and 12, we shall

have the interval of a note and its fifth.

By means of the double Siren, which

has an additional cylinder and disc

turned upside down and revolving on

the same axis, other interA-als can be

sounded, and the beats, which always

occiu* when notes nearly in unison

soiuid together, can be studied. These

beats may be readily produced by forcibly striking

on the piano two notes separated by a semitone, as

c and c sharp. The lower the notes selected for

the experiment the more violent -will be the beats.

This is a phenomenon of wave interference, the

swelling and falling in the sound being caused by

the two sonorous waves alternately reinforcing and

weakening one anothei*.

TOUCH.
By F. Jepfrey Bell, B.A., F.Z.S.

OX a pre'V'ious occasion* we have sjxtken of the

Hand, and we then dealt especially with its

stnictui-al charactei-s ; the sense Y^-itli which we shall

now deal finds, in man at any rate, it.s highest

development and its gi-eatest j^eifection ir the self-

same organ. It is to the combined effects of its

nei-^-es of sensibility, and of the muscles that

move its parts that the musical peifoiiner owes his

" delicate touch," and the artist liis " lightness of

hand " ; and, again, as it is the organ by which

we test, by which we "eigh, by which we gi'asp,

it aflfords an admii-able example of those sensa-

* "Science for All," Vol. II., p. 2G1.

tions of pressure and of temperature which, when

associated with what has been well called the

" muscular sense," go to make up in all its con;

pleteness the sense of touch. With these divisions

of our sul>ject we shall shortly deal in some detail,

but for the moment we will take the skin-covered

hand as a text for some remarks on the geneial

apparatus of the sensoiy poi-tion of the nervous

system.

If we press the closed eye-lid on the eye-ball, we

see a gleam of fight : if a tlisordered system pro-

duces congestion in some of the blood-vessels of

the head, we hear a "singing in the ears:" but
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if we press our tiiiger on a mai-ble, we neitlier see

it nor hear it—we J'^el it. To translate this

sentence into another style, there are in various

pai'ts of the body special " end-oi'gans " for special

senses—for sight, and for liearing, as well as for

smell and for touch ; and these end-organs, howso-

ever affected, never respond to the stimulus in any

but one way ; they may produce a sensation of

sight, or of hearing, or of touch, but never of more

than one, and that one is always the same. Xo
better example of this law can be found than that

presented by those cases in which accident or

disease has affected the nerve (and it is by these

that all the end-organs communicate with the

brain) which supplies the tactile portions of the

eye-ball ; in less distressing circumstances, a finger

placed on the eye-ball is, especially if the pressure

be light, immediately felt; but, when the nerve

in question is affected, the whole of the eye may
be passed over by the finger, and all that the

patient will be able to tell of, will be what he learnt

by the shadow of the finger passing over the field

of vision.

"We come next to the question, where are

situated the end-organs of the sense of touch ?

And to this, one answer alone will ever be given

by those who have undergone any operation in whicli

the skin has been cut,—the answer is, that the end-

organs in question are situated in the skin. But this

is only to a large extent true, and not altogethei- so,

as anatomy itself would tell us, and as our, in many
cases, daily experience quite sufficiently impresses on

us. It lias, in fact, been observed that some of the

most remarkable of the special sense-organs found in

the skin are found also in the delicate membrane by

which the folds of the intestines are held together.

That some organs—^the heart and the lungs, for

example—are insensible to sensations of touch,

has been known, at any rate from the time of

Harvey, wliose account of the experiment differs

in nowise from his others, in being well worthy

of quotation. A young nobleman, suffering from

an abscess on the side of the chest, had the just-

mentioned organs a good deal exposed. " I saw a

cavity into which I could introduce my fingers

and thumb. Astonished with the novelty, again

and again I exploied the wound. . . . Taking

the heart in one hand, and placing the finger of

the other on the pulse of the wrist, I satisfied

my.self that it was indeed the heart which I

grasped. I then brought him to the King (Charles

I.), that he might Ijehold and touch so extraordinary

a thing, and that he might perceive, r.s I did, that

87

unless we touche<l the outer skin, or when he .saw

our fingers in the cavity, this young nobleman

knew not that we touched his heart." Xoting

here that all that is stated is to the effect that

there was ito sensation of toucJi, we may point out

that the brain and the spinal cord have Ijeen con-

clusively shown to be insensible to this sensation

;

and, in fine, the sense of touch does not exist in

any parts where the proper organs for that sense

are absent.

Before going any farther into our more jjroper

physiological researches, we shall do well to imitate

all good physiologists, by attempting to get a clear

idea of the structure of these sense-organs. They
are broadly divisible into three gi'oujis, all of which

]>resent the following essential characters :—One or

more nerve-fibres, an outer covering capsule, and an

internal core of soft, granular matter ; the end-bidbs

are more or less si:>heroidal in shape, and are ordi-

narily set, as in the subjoined figure (Fig. 1), in

Fig. 1.—Eud-Bulbs iu Papillae, a, from Tongne ; b c, from Lips.
(i: Eud-Bulbt ; («! .VurVL-t; (ci Cai.illarks.

those elevations of the surface of the skin whicli

are known as pajnike. The (ouch-bodies (corpnscida

tactus) are nearly t%\-ice as large as the end-bulbs, and

are generally of an oval form (Fig. 2). They are best

seen in the skin of the terminal joints {phalanges)

of the fingers, whei'e they are very numerous—so

many, indeed, as one hundred having been obsei-Aed

by a German phy.siologist—but, of course, they

are not absent from otlier parts. The third set

of sensory organs are known as the Pacinian

bodies (or bodies of Vater, who gave an account of

them in the year 17-11). These are very much
larger organs, being, iu some cases -joth of an inch

long. They are attached by a narrow stalk to the

nerve-b.vanch b-y which they are supplied : and.
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as "vvill 1)0 seen in Fiij. rj, their outer coA'erino-

consists of a number of concentric coats, of whicli,

in some cases, as many as sixty liave been made
out by tlie patience of microscopists, and which

Fig. 2.—Touch-bodies.
(A) Siiui>lc rai.illa; (B) Coiui.ound Papilla : Ih) Toiirli-body ; (cl Cainllarics:

(HJ >'fives; (0 Nervf-tooi>.

are separated from one another by small cavities

containing fluid. Through these coats the nerve

passes on its way to the central cavity, in which it

ends by a swollen knob-like enlai-gement. As
many as six hundred of these curious bodies haAe

been found in the skin of the human hand, but

the most remarkable place in which they have been

found is the mesen-

tery (or membrane

connecting the coils

of the intestines) of

the cat. For a time,

it was thought that

this distribution indi-

cated that the cor-

puscles in question

were not tactile or-

gans, but it is now
known that the parts

which they supply

are remarkably sensi-

tive ; and it has been

jocosely suggested

that it is this sensi-

Tnlity which in dys-

peptic cats is the

cause of that noc-

turnal music by which

the sleepless are con-

tinually delighted ; but whether this is their real

function, or Avhether they are in some way asso-

ciated with the springing action of this group of

animals, is a question on whicli discussion would

perhaps easily provoke that sleep for which we

have before now longed.

Fig. 3.—Paciuiau Corimscle.

(n) Xerve : dl) Inner Coats; (o/) Outer
Cunts of Enveloi'e.

As may be easily imagined, the parts of the skin

are supplied in various degrees by these end-organs,

and the extent of this difference is perhaps best

shown by the following table, compiled by the illus-

trious German physiologist, "Weber, who obtained

his results by the following method :—The legs of a

pair of compasses, to the ends of which small 2)ieces

of cork were attached, were brought to bear on

various parts of the body of a blind-folded person,

and these were brought as near to one another as

they could be brought Avhile producing distinct

sensations. The distances thus obtained were :

—

Point of tongue ..... half of a line.*

Palmar surface of third phalanx ... 1 line.

Red surface of lips ...... 2 lines-

Palmar surface of second phalanx . . . 2 „

Palmar surface of metacarpus . . . . 3 ,.

Tip of the nose ...... 3 ,,

Edge of tongue 4 ,.

Skin of cheek ....... 5 ,,

Tip of great toe 5 ,,

Hard palate 6 „
Back of hand 8 „.

Mucous membrane of gums . . . . 9 „.

Lower part of forehead . . . . . 10 „.

Lower part of the back of the head . . . 12 ,,.

Skin over knee f»an . . . . . 16 ,,.

Skin over sacrumf IS „
Back of foot 18 ,,

Skin over breast bone . . . ... 20 „

Skin beneath occiput 24 ,,

Skin over spine, in back 30 ,,

Middle of the thigh 30 „

To put the results in a more general way, we-

may say that the sensitiveness of the skin is

greatest at the points most distant from the trunk

—that is, in the toes and fingers, and that, as we

approach the more central region, we find this

sensitiveness diminish. This rule may be carried

still farther, and we may say that Avith greater

rapidity of moA^eraent there is greater sensibility,

inasmuch as it has been observed that the tips of

the fingers, as compared in sensibility Avith the

shoulder, are three times more sensitive than the

toes, as compared with the thigh.

To Avhat is all this sensibility due ? Hoav is it

that Ave haAC any knowledge at all of the bodies

that Ave touch or that Ave feel ? These are questions

Avhich Ave shall haA'e to ansAver, but before Ave do so

let us obseiwe one curious point. The more or

less complicated end-oi-gans, the structure of Avhich

Ave haAe been examining, have for their function to-

inform us as to the characters of the body touched,

and under ordinary circumstances they fulfil their

* A Paris "line "
is one-eleventh of an English inch,

t Lowest part of backbone.
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purpose well enougli ; but if we subject these sense-

organs to ever so simple deceptions, they will easily

mislead us. For example, let us place a marble

between the middle and ling fingers, we feel one

marble; but let us cross the fingers so that the

inner face of the middle finger comes to be opposite

the outer face of the ring finger, and let us place a

marble between the two tips thus arranged ; with

closed eyes we shall then have the sensation of

toucliing two marbles. And why ? Because, under

ordinary circumstances these two suifaces, the outer

one of the ring finger, and the inner one of the

middle finger, do not touch the same object, and

•experience has taught us that when these two

surfaces are touched, there are two distinct objects

brought to bear upon us. To complete therefore

oiu" Sense of Touch we have need to exercise our

j\idgment, and to draw on our experience ; and for

this purpose there is connected with these end-organs

ii nerve which passes to the brain and delivers

there the message from the outer world ; and just

AS with imjierfect end-organs in the eye the colour-

blind (p. 316) assert against all the world that the

•cherry is green, so with disordered tactile sensations

we judge that to happen which the sense of sight,

when perfect, would warn us against concluding,

.and which under other circumstances would be

legarded as ludicrous or impossible. It is therefore

in the brain that we form the ideas of the bodies

that we touch, and what we call our knowledge of

the external world depends on the healthy and

regular play and intei-action of the end-oi'gans of

the nerve and the reasoning organ of the braiti.

Let us develop tliis a little further. Two points

of a compass at a cei-tain distance are distinguislied

as two when pressing lightly ; when pressing more

heavily, as one. A body somewhat larger than the

distance between tlie two jwints gives rise to a

sensation of a single object. Now, it is clear that

in all these cases a number of different end-organs

i\ve touched, and we have to see, if we can, how it

•is that tlie results ai-e so different ; the matter has

been so fully worked out in the eye, that we shall

most easily get to a definite result by biiefly stating

the chief known facts in tlie case of this organ. In

it tlie nervous termination—the retina—is provided

Avith a number of cones, of which tlie much lamented

Max Sclniltze, of Bonn, made out fifty in the small

space of one-fifth of a millimetre (ten millimetres are

•iiot as much as two-fifths of an inch) ; using the

ordinary sign for one-thousandth jiart of a milli-

metre, the Greek ^, and knowing that one-fifth of

ji millimetre is equal to 200 m, "^ve see that the

centre of each one of the cones was distant four /i

from that of its neighbours. Now, when we
examine objects placed close to one another, or at

so great a distance from \is as to seem close, we
observe that when they are, or strike us as being

within this distance of four /*, they appear to be

one ; and speaking, therefore, broadly, although

arriving quite faiily at the truth on which we are

now desirous of insisting, we may suppose that there

exLst in the brain areas q/' nensation 'which, ^yithu\

limits, correspond to those in the retina. But

against this correspondence we have to put the fact

that when two neighbouring cones are stimulated

they may give rise to one sensation ; and this, as

it seems, is due to the fact that the brain, under

certain circumstances, fitses sensations ; the varying

results obtained with the compasses and with the

single body are now explained, and we liave some

light thrown on the difficulty to which we have

referred. Even here, however, the matter does

not end ; in this as in other affairs, the brain is

capable of education, and the skilful touch of the

blind and the sharp eye of the astronomer gain, as

we now know, complimentary epithets which should

be rather applied to the sensation-ai-eas in the

brain, wliich are the parts that pass judgment on

the objects that stimulate these eyes and fingers

;

but it is needless to insist on the power of tactile

discrimination which can be gained by jiractice, for

we all know the value of this sense to the blind.

The sense of touch seems to be A-ery simply

developed in the jelly-fish and its allies, inasmuch

as in them there are organs Avhich on pressure shoot

out a thread (Fig. 4), by wliich they are enabled

to attack the body pressing on them ; and many of

these animals are also provided with tentacles, which

must have a similar function ; many worms are

proAided with stiff processes, and some of these are,

in a large number of cases, set on long tentacles ; in

the lobsters and ci'abs, whei'e the general surface of

the body is very hard, and in the allied insects (flies)

various parts, especially the antennae (feelers), are

provided with out-standing i-ods which are connected

with nervous swellings. In the vertebrata there

is a similar set of organs, and we well know how, in

ourselves, the tickling of the end of a hair apjiears

to increase the tactile sensation ; while the whiskei-s

of the cat, and the " beards " of fishes, are organs

of just the same type. In the scaled fishes there are

other curious arrangements, but as they all depend

essentially on the presence of end-organs, it will be

unnecessary for us to enter into them in any detail

;

could no better reason be given, we might remind
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oui-selve.s that we have still to speak of the sense

of temperature, of the muscular sense, and of what

is known as to the laws of the sensation of pressure.

To this last we will first address ourselves. Much
of what we ever know about matter is due to the

Fig. 4.—Thread-cells. (After Moselen )

(A) (Quiescent : (b, c, u) Active.

eflFeots produced on us by pressure, and it will be

interesting to see how far this sense really helps u.s.

Our estimation of pressure varies in accordance with

a law which goes by the name of its chief expositor

—Fechner ; and as its most exact formida can only

be given by the aid of the integral calculus, it will

be better to take an example. Su])pose that we are

able to distingiiish between ten grains and eleven

grains, but that we cannot distinguish between ten

and ten and a half grains : or between ten and a

half and eleven gi-ains ; then we can distinguish be-

tween ten and eleven pounds, but not between ten

and ten and a half 2)ounds, or between ten and a

half and eleven pounds. Again, we cannot distin-

guish between pressui-es when they succeed one

another with more than a certain degree of rapidity
;

and yet again, when pressure is equally applied, as

it is to a finger dipped in a quantity of mercury,

there is sensation only at the point nearest to that

at which the pressure ceases. Most of us, indeed,

must know the truth of this, for when we have

dipped a finger into a basin of mercury and moved
it up and down, there has been felt a sensation of a

ring as it were moving along the finger.

The sense of pressure is best brought to perfection,

when the object of which we M'i.sh to know the weight

is held in an imsupported hajid, for we then bring to

bear upon ourjudgment the sensations excited by the

viuscular sense ; as has been well observed, "when
we want to tell how heavy a body is, we are not in

the habit of allowing it simply to pi'ess on the hand

laid flat on a table ; we hold it in our hand, and

lift it up and down. We appeal to our muscular

sense to inform us of the amount of exertion necessary

to move it, and by help of that judge of its weight."

But we also need the aid of this muscular sense in

examining the form of a body ; for as we move along

it, the varying movements of our arm and hand

help to inform us of its elevation and depressions,

of its angles or its curves. Yet again, many of our

experiences show us how closely the muscular sense

is affected by and affects the more projier sense of

touch ; a heavy portmanteau held by an insufficiently

small handle produces sensations of discomfort

which react on the muscular sense, and Ave find the

weight too heavy for us ; a body pressing on our

hand by its naiTOwest edge seems far heavier than

when it presses by its broadest. "We associate a light

body with a small, and a heavy body with a large

area of pressure, and we adapt our muscles and

our energies to deal with them accordingly ; and

here, as elsewhere, what is new is disagreeable, and

what is unexjiected is painful.

The great French physiologist, Xavier Bichat,

insisted on the value of the con)bined action of the

two hands as an aid in tactile sensations ; arguing

with extreme force from a supposed case of a man
born blind Avho had one hand endowed with the

ordinary capabilities, and the other incai)able of

bending its fingers, and having a thumb which it

could not oppose to the digits. Imagine such a

one having to cany a sphere ; by one hand he would

be informed of its roundness, while the other, touch-

ing the body only here and thei-e, would give quite a

different report; rendered thus uncertain, "the blind

one would carry it with difficulty ; he would even

have, pei'chance, two different ideas as to the form

of the body. His ideas would be more precis"e if

he condemned one of his hands to inaction, just a.s

he who squints turns the feeble eye from the object

that he views, so as to avoid confusion." Without

pursuing any further the argumentations of this

physiologist as to the " necessary harmony in the

action of two symmetrical organs," we may point

out that the deep-seated "bilateral symmetry" of

all the higher animals .seems, from its widespread

occurrence, to be one of the most impoi-tant of factors

in successful existence.

The physiologist already mentioned—Edouard

Weber—has also made some observations on the
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power possessed by us of judging between different

weights ; the chief interest of which is that they

throw some light on the processes going on in the

hi-ain ; which organ is, as we have already pointed

out, the tinal arbiter in all sensations. If a weight of

four ounces be replaced after ninety seconds by one

of five ounces, the difference between them could, it

was found, be correctly judged; but if weights of

fourteen and a half and fifteen ounces were taken, it

was found necessary to apply the second weight after

forty seconds. Bearing in mind the greater difficulty

of di.scriminating between fourteen and a half and

fifteen, as compared with four and five ounces, as is

shown by Fechner's law, we see that the two ca.ses

are both of value, as indicating in the first place that

the brain retains for a time an exact idea of the

weight pres.sing on the hand, and that in the second

2)lace this impression gradually dies away ; so that

within the limits of the above Jaw, the brain has

Ijeen shown to have so far forgotten a ceii;ain sen-

sation in forty seconds as to be unable to give a

connect account of a weight not much greater than

that which produced it, while one, within propor-

tions tmce as great, is remembered for about twice

the same period.

Let us turn now to a rapid review of what is

known as to the sense of temperature. It is very

c\irious that the left hand is, in this particular,

more sensitive than the right. Some impoi-tance

has been attributed to the fact that to the whole

hand water seems hotter than to a single finger
;

but if we bear in mind where it is that the "seems"

comes in, it will be clear that a large number of

heatetl points will produce a gi'eater effect than a

very much smaller nimiber. The following, how-

ever, is a very curious fact, and our knowledge of it

is due to that same German observer to whom we
have had to refer so often : a cold body feels hea^ier

than a hot one of the .same weight. It is difficult

to understand how this is, but the obsei'A'ation is of

great importance as indicating that the sense of

temperature is closely connected with that of pres-

sure. Other series of observations have brought

out the following points:—Great changes produce

chill or feverishness by affecting the blood-supjily

of the skin ; lesser changes are most acciirately

observed between 27° and 33° on the Centi«rrade

thermometer ; below this range, seven degrees are

as easily recognised as six degrees above it ; dif-

ferent parts of the body differ in sensibility, as we

all show when we kneel in front of a fire, for then

the highly sensitive lips and cheeks mo.st rapidly

produce the sensations we desii-e. So, again, the

palms are more sensitive than tlie backs of the

hands ; and the chief charm of seeing a man
standing with his back to the fire is perhaps to be

found in the knowledge, gained by ourselves from

experience, that he so stands because he is not so

veiy cold to start with. The great difierence between

the sense of temperature and that of pressui-e

lies in the fact that the former is relative to our

own body temperature of a little over 98° Fahr.: it

is by this that we judge whether what we touch is

hot or cold, and it is this also which informs us of the

changes that are taking place in ourselves. But it

is long V)efore we fed hot or cold that there comes

into action that mechanism by which the skin is

adapted to fresh, and almost dangerous, conditions.

Exposed to the Tiirkish bath, the skin rapidly puts

itself, by its nervous messengei-s, in communica-

tion with the blood-system, the vessels of which

expand and so allow of that increased supjily of

watery vapour, the loss of wliich and the vaporisa-

tion of which are the agents by which the body is

kept at its proper temperature ; brought under the

influence of cold, the skin again sends off a message,

the vessels in it contract, and the general tempera-

tui"e remains constant.

"While it has been difficult to keep what we
would say within the prescribed limits, it is now
difficult to sum up what has been said all too

Vjriefly ; but we have learnt this—that the sense of

totich is our most ordinary and useful means

of communication with the outer world. Its

most delicate organs are jdaced in parts which can

most rapidly and easily inform us of what is going

on outside oui-selves ; and they, while impressing

their lessons on our brains, are also enabled in even

the lowliest forms to respond with enormous ra-

pidity to what seems to be danger, and to put the

animal not only into a defensive but also into an

offensive ]josition. On another opportunity we may
be able to develop in greater detail the striking apho-

rism that " Touch is the mother of all the senses."
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ANIMAL COLONIES AND CO-OPERATION.

By Andkew Wilson", Ph.D., F.K.S.E.

AMONGST the many iiulieeded, but iiiteiestiiig

forms of animal life with which our ditches and

jtonds teem in tlie Avarui summer tim.e, the little

. animals known as IhjOnt stand out conspicuously in

the eyes of the naturalist. The interest centering

around the hydrse arises not from any characters

1ikely to attract the ordinary observer. These animals

have nothing to boast of in the way of size—their

ordinary dimensions exhibiting a quarter of an inch

as their extent in length, whilst a hydra half an

inch long would be regarded, as a giant of its race.

Nor is the appearance of the hydra at all sugges-

tive of its mythological namesake of the hundred

lieads which the redoubtable Hercules slew near

the Lernsean lake. Imagine a little green tubular

l)ody, about a quai-ter of an inch in length, attached

by one end to a bit of water-weed, and bearing a

mouth-opening surrounded by feelers Oi- tentacles

Pig. 1.—Hydra viridis— (a1 Masmifieil, with Embryo ready to detacli
itself; (Bj Natural Size.

at the other extremity, and you will have sum-

marised shortly the main features of the hydra

and its kind, as these features are observable by aid

of a hand-lens (Fig. 1). Such is the little denizen

of our pools which we jiropose to select as the

subject of a short discourse on animal colonies and

co-operation ; and even if the result of our in^esti-

.gations be not over-important, we may nevertheless

contrive to evolve some interesting facts in natural

history from a study of

" The green mantle of the stagnant i)ool,''

and its inhabitants.

That the hydra is a sensitive being Avill be

obvious to any one who touches its body or ten-

tacles. Both portions of its frame will shrink and

contract on the slightest touch. And the purpose of

this sensitiveness is not liard to discover. For

when an erratic water-flea, bustling through the

waters and jostling its fellows like some self-

important magnate in higher life, touches the out-

spread tentacles of the hydra, these little organs are

folded round the struggling body, and a new relation-

ship—that of relentless captor and struggling \>x^y

—is quickly formed. The water-flea "svill struggle

violently at first, but will speedily be overcome and

be drawn towards the mouth of the hydra, and

thus engulfed. Very noteworthy, however, is the

stillness which succeeds the first violent efforts of

the prey to escape. So quickly does its demeanour

change that we might well conceive its having been

suddenly paralysed. And so, in truth, the captive

has been rendered helpless. If we place a hydra

under the microscope and gently press its soft body,

we may see numerous little thread-like darts

emitted from simdry "cells" which are embedded

in the tissues of its frame. These cells are

named " thread cells," from the form of their

contained weapon; and from
j.

the inanner in which they

rujiture and burst on being

irritated there seems little

reason to doubt that each

thread-cell is a miniature

poison apparatus, calculated

to i^aralyse the pi'ey. Cells

of similar nature constitute

the offensive weapons of

certain near neighbours of

the hydra, of which the

jelly-fishes are the best-

known examples; and jnore

than one unwary sea-side

visitor or tropical voyager

has had good and sufficient cause to regret the

liberality of Dame Nature in supplying these

creatures with poison-darts of such virulence and

power (Fig. 4, j). 308).

Fig. 2.—Section of Hyflra.

r) Ei-iodorm : (oi) KndiHicnii ; (M
Trniai-lis ; (i/i) Mimtli; iJ}C) Biidv-
cavity.
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The liydrn's body exliiljits anytliing but a

com[)lpx structure. We liave already compai'ed it

to a tube ; and the comparison is perfectly just.

The diagi-am (Fig. 2) will convey an adequate idea

of the simplicity of the body in qixestion. We see

that it consists of two layei's—an outer, ectoderm,

and an inner, endodenn. These enclose a central

cavity or space, the iof/y-cavity, and of this space

the tentacles or feelere are mere upwai-d prolonga-

tions. Such is a fair statement of the anatomy

of a hydra. When food is captured and swal-

lowed by the hydra, we may thus discover that it

passes, not, as in other animals of our acquain-

tance, into the stomach as the fii'st portion of the

digestive apparatus. In our hydra the prey simply

enters the body-cavity, which serves the animal for

a stomach, and in wliich the footl is duly digested.

Thus we find illustrated the liberally marvellous

adaptation by li\-ing nature of simple means to

complex ends ; for in hydra we see a simple

body-cavity, through the vital properties and

powers of its walls, tem]X)rarily discharging all

the important ditties and functions of a stomach

and digestive system.

The aim and end of digestion is, as every one

must know, to provide a fluid—the blood—for the

nourishment of every part of the frame. In higher

animals this fluid is duly prepared in the digestive

system, absorbed therefrom, and after further

elaboration transferred to the blood-system, b}'

which it is circulated throitgh every part of the

body. In hydra, a similar result is accomjilished

in an infinitely simpler fashion. The blood pre-

pared by the digestion of the food simply circulates

slowly through the body-cavity in which it was

formed, being wafted, so to speak, by the little cilia,

or lashes, which line that cavity. The nutrient

fluid thus comes directly in contact Avith the cells

and tissues of the hydra's body ; by these cells and

tissues it is dttly absorbed ; and the growth of the

body is thus provided for in a manner as perfect as

is represented in higher life. Tints much for the

general life-history of the hydra ; and to the details

thus furnished may be added the intelligence that

no traces of nerves are to be detected in this

animal, its sensitiA'eness notwithstanding. Such a

result is by no means surprising to the physiologist,

who knows that many plants are actttely sensitive

in the absence of ner\-es. Bitt as these and allied

matters have already Ijeen discttssed* in these

])ages, we may turn to " pastures new," and 1:o

* "Nerves and No Nenes," ".Science for All," Vol. I..

p. 179.

sundiy features of interest connected with the pro-

duction of new hydrre, and with the continuance

of the hydra-race in time.

Three methods of increase prevail in hydra-life,

and we may commence ottr investigation of its

history in this respect by noting the simplest of

the three i)rocesses. It may be further noted that

what we shall learn of the increase of hydra will

materially assist us in understanding the subjects

with which this paper professes specially to deal.

The hydra may be said firstly to possess a power of

reproduction by "division" of its body, a process

otherwise knoAvni as that of fission. About the

year 1744, an observant naturalist, named Trem-

bley, published the results of his experiments on

these veiy" animals—the " fresh-water jx)lypes,"

as they were and are still called in the language of

poptilar zoologj'. These results were, to say the

least, of a startling natttre, and ojiened ttp a new
field of speculation concerning the animal constitu-

tion and its proclivities. Shortly stated, Trembley's

experiments showed that if a hydra be divided long-

wise a new animal will in time grow out of each

half. If cut crosswise, the same resitlt is noticed.

If a hydra-body be " minced " into several small

portioits, each will in due time reproditce a i)erfect

hydra. Even if, as Trembley i^roved, we turn a

hydra inside out, like the finger of a glove, the

animal will comport itself with a resignation which

humanity is not over-prone to afiect tinder injuries

of infinitely less serious nature, and Avill eat and

digest its food as if it had been left in its normal

condition. We may explain this wonderful elas-

ticity of constitution by appealing to the lowness of

tlie animal's oi'ganisation. The hydra is not alone in

its successful sufierance of injury. For the nearh-

related sea-anemones sufier division meekly, and

flourish each, as two bodies, through the destruction

of one. Such animals sustain no gi"eat nerAOus

shock in these operations. Each part or tissue is

as vital as every other part, and is thus capable of

perfectly reproducing lost parts. In the higher

animal all parts are not of equal value in such A\ork,

and any serious loss of substance deals a blow to

neighbouring parts and to the general vitality,

efiectually preventing the renewal of so much as

a joint of the fingers or toes in higher existence

—although, indeed, the newts and salamanders,

amongst back-boned animals, reproduce toes and

tails almost at will.

The hydra jK)ssesses in its ova, or eggs, a second

and decidedly more usual and normal means than

the preceding, for reproducing its kind. Each egg,
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midergomg development, in due time becomes a

perfect hydi'a. But the third and last process is

that whicli must claim our attention at present, as

serving to explain the colonial habits of animals, to

be hereafter noted. This third process is that of

i/i^nDiiatioi), or "budding," a term sufficiently

familiar as applied to plant existence, but which,

as aftVcting the animal world, may possibly sound

sti-angely enough in the ears of many readers.

Xevertheless, animals may and do " bud," and the

hydi'a presents us with this seeming exception to

rhe laws of animal growth in its most typical phase.

During the summer months, the h}-di-<i may be seen

to exhibit little projections on the sides of its body,

and usually towards the rooted or attached ex-

tremity. To the ordinary observer, these outgrowths

might at first appear as some abnormal or diseased

jiroducts ; but as time passes their true chaiacter

becomes apparent. Little projections begin to ajv

pear at the free end of the outgi'owth, and assume the

form of miniature feelers ; whilst a fui-ther gx-owth

of the little body in question transforms it into a

young hydra (Fig. 1), resembling its progenitor, or

parent stem, in every detail sa-ve that of size. The

hydra has, in fact, converted itself by this process of

liudding from a simple into a double or compound

animal. For the young hydra is a connected process

of the parent, the simple body-ca^•ity of the latter

lieing continued into the equally simple interior of

tlie young ; and a miniature colony is thus formed,

fed by two mouths, and enjoying the fruits of co-

operative labour in the woi'k of digestion and nutii-

tion at large. It may hajjpen also that the young

liydi-a bud, whilst attached to its parent stem, may in

its turn, and in its own history, imitate the process

to whicli it owed its own birth. The young hydra

may be seen to " bud " in its turn, and to produce a

miniatiu-e of itself : thi-ee generations of hydrte thus

adhering together to form a connected and com-

pound organism. But this state of afiairs is not a

]ierinanent phase of hydra history. Sooner or later

the young hydrse, like precocious offspi'ing anxious

to as.sert their independence, will sever their con-

nection with the parent-body, and float away
rhroiigh the water to seek a new resting-place,

aixd begin Hfe on theii- own account.

Lea\ing this stagnant pool, with its quota of

curiosities in the way of zoology, let us seek a

di/Terent sphere of observation. Now we are stroll-

ing along a sea-beach, and peering amongst the

"jetsam and flotsam" which the waves have tossed

upon the shore. The sea-wi-ack is crowded with the

treasures which constitute the delight of an inquiring

mind and '• the harvest of a quiet eye." Here,

howe\er, we light upon'some objects more curious

than the rest of those which form the sea-spoil

around us. An oyster-shell has been torn from

its bed, and has been swept landwards by the

force of the waves. Growing upon it we per-

cei\"e ceitain plant-like forms of symmetrical

form and of graceful outline (Fig. 3). Re-

garded casually, they might be thought some

marine plants of curious kind, whicli mimic in

striking detail the forms of the fir tree^' in the

Fig. 3.—Sertularia, or Se.i-Fir.

woods beyond the beach. Here, again, on another

shell, are certain other ])lant-like organisms. A
mere glance seems to aflbrd a suflicient guai'antee

of their plant-like nature ; and unscientific but en-

thusiastic lovers of nature will glean these treasures

of the sea-wrack, and duly honour them, as strange
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"sea-weeds," with a prominent place in the herbaria

which form pleasing mementoes of a well-spent

holiday by the sea. The fir-trees in miniature

wliich spiing from the oyster-shell have been

named Sertularia, or 'SSea-Fir;" and the sea-weed

organisms may be termed " Sea-Mats," or, in

.scientific language, Flustrce (Fig. 6).

Wliat is the nature of these plant-like forms, and

wliat is their rank in the scale of creation] To

answer these queries, let us procure living specimens

of both by aid of the dredge. From a moderate

depth in the sea, we procure specimens of the plant-

like forms of the oyster-shell by the dozen, and we

hie liomewai'ds with our treasures, duly preserved

in their native water, for microscopic examination.

We examine our " sea-fii-s " first, and a wondrous

spectacle meets our view. We are now looking

simply at a small portion of a branch, but the

branch is typical of the whole "sea-fir." Our first

glance shows us that, so far from inspecting a plant,

we are observing a very t}-pical animal. Instead

of leaves or flowers, the bra.nches of our plant-like

"sea-fii-" bear hundreds of little cups, in each of

which a little animal form is contained As they

lie under the microsco]ie we may learn much re-

ganling theii' personal history. There is one which,

as we look, is pushing itself forwards and promi-

nently into notice. As it seems to expand before

our eyes, we see that its little head is crowned with

tentacles or feelere, in the centre of which a mouth

exists. The margins of the branch are covered

with horny cells or houses, each containing its little

" tenant at will ;

" and as each tenant expands

its tentacles, or liuiTiedly contracts them and itself

as well on the slightest alarm, the spectacle which

meets our view is both wonderful and interesting

beyond description. Waving backwai-ds and for-

wards in the surrounding water, the feelers

evidently serve as the active parts of the animal

commissaridt, and sweep food-particles into the

mouths they encircle. We have seen animals

like these before. The tentacles, and the central

mouth, and the little body—or, at least, as much

of it as we can see—all suggest the hydra of the

fresh-water pool, and no less does the mode of life

of oiir " sea-fii-s " recall that polype's general history.

Is the resemblance anything moi'e than superficial ?

or is the likeness a real and veritable one, founded

upon a true correspondence in nature 1 Let our

further investigation of the sea -fir supply the

answer.

Our " sea-fir " consists, as we may readily observe,

of a main stem and branches, upon which are borne
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the little cups containing the animals which we liave

just noted to present a striking likeness each to

a hydi-a. A further investigation of the stem and

bi-anches sliows both to be hollow, and an equally

notable fact is tliat of the branches being in free

and full communication with the cups. A sectional

diagi'am of a sea-fir (Fig. 4) would, therefore, a{)pear

thus :

—

Outside we should find a horny covering (c c),

which supports and gi^-es strength to the entire

organism, and which also expands to form the

horny cups {d d) in which the little animals re-

side. It is this X

horny layer

which remains

when the living

and softer parts

havedisap[)eared,

and to the pre-

sence of the horny

skin is due the

presei'vation of

the " sea-fii-s " in

their dried state,

as we find them

tossed upon the

sea-beach. Each

little animal of

the "sea -fir"

colony possesses, as we have seen, a mouth (m),

surrounded by tentacles {t t), the mouth leading

into a simple body-cavity {b c), exactly as in hydra.

No less notable is the fact that the layers of

which the bodies of the sea-fir animals are composed

resemble those of hydi-a, and consist of an ectoderm

{ec) and endoderm (en), as in the latter polype.

Next we discover, from our section, that the body-

cavity of each little being leads directly into the

hollow (a a) of the branch on which it is borne

;

and thus a free and perfect commimication exists

Ijetween any one animal of the sea-fii- and every

other denizen or neighbour-animal.

Let us consider now the life-history of such

an animal as we have discovered this sea-fir to

be, with the view of noting its essential and

special characteristics. It is thus, fii-stly, a rom-

pound animal, and may justly be termed an animal

colony. It consists of hundreds of similar beings,

bound together in the closest fashion, and connected

by structural ties of the most intimate kind. The

sea-fir, moreover, lives colonially, and as an inti-

mately-connected society might be expected to exist

—namely, through the apt and regular c ^-operation

Fig. 4.— Sectioual Diagram of Sea-r;r.
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of its various members. By " co-operation " we
mean to indicate the act of many individuals,

who associate tliemselves for tlie purpose of for-

warding and promoting any given end. Such a

result, however desirable, is not always easy to at-

tain in human existence. For the ways of luimanity

are often the reverse of bland ; and the ambitions of

mankind frequently serve to blunt the laudable pur-

pose of working hand in glove and without distinc-

tion for the advance of a common cause. In " sea-

fir " existence, however, the co-operative principle is

plainly and perfectly carried out. Each little mouth,

each set of tentacles, and each body-cavity is

respectively and together engaged in the work of

providing the wherewithal for nutrition. Food is

seized and digested within each little body-cavity

(6 c), and is thereafter transferred to the general

hollow [a a) or interior of the stem and branches,

through which the nutrient stream is made to pass to

every part of the colony. Each little animal of the

society draws its own food-su2)ply from the common
stream of nourishment it has helped to form ; and

co-operation, in the way of a perfect circulatory

provision-store, is thus beautifully exemplified in

lower animal life.

Thus, a " sea-fir " is essentially a collection of

hydra-like animals, bound together in closest inti-

macy ; the indi^-idual lives of the colony merging in

the life of the entire organism, the colony being

maintamed through individual effort, and the in-

dividual life being in turn dependent on the con-

nected existence of the colony. But the further

question of the origin and manner of growth of

such a colony yet remains to be discussed. How
does such a colony of animals arise, and in virtue

of what processes does the " sea-fir " come to differ

so materially from the single and simple animals of

higher life % To answer these queries, let us return

to our hydra for a single moment. We observed

that animal to produce " buds " (Fig. 1) which grew

into young hydrje, and which remained connected

to their parent for a certain period, but ultimately

disengaged themselves from the parent stem, and

sought a new sphere of life for themselves. During

the attached period of these young hydrse, however,

Ave noted that the body-cavities of the young and

the parent were in full communication. These latter

facts thus show us—firstly, that the hydra, through

budding, converts itself from a " simple " to a " com-

l)ound " animal ; and, secondly, that in respect of

the full connection between its attached young and

itself, it may be strictly compared to the "sea-fir."

So that, in plain language, we discover a " sea-fir
"

to be a hydra-like animal, which has budded like

the familiar denizen of our pools, but which differs

from hydra in retaining its buds permanently and

as stable parts of the organism. The justice and

exactness of this comparison are, of course, clearly

seen when we discover that each little animal of

the " sea-fir " is modelled exactly on the tyj^e of

the hydra. Is there, however, any further proof

that the colony or compound animal we term a

"sea-fir" is simply a kind of hydra which has

produced permanent " buds 1 " The reply to this

question will be clear if we study for a moment
the process of growth which has made the " sea-

fir " what it is.

From certain receptacles (Fig. 7, A, B, c), which

are developed in due course on the branches of the

" sea-fir," true eggs are discharged into the sur-

rounding Avater. Like our hydra, this animal colony

therefore possesses the power of reproducing its

race by means of eggs ; whilst it also makes good

the constant loss and death of its OAvn component

parts and beings by the process of budding, to

Avliich it OAves its form. Each egg of the " sea-fir,'"

or neighbour zoophyte (Fig. 7, d) at first swims

freely in the suiTounding water, but ultimately

discards its moving existence, and settling doAvn

(Fig. 7, e), develops a bud-like projection (Fig. 7, f),

which groAvs into the form of a single little hydi-a-

like animal (Fig. 7, g). This single organism is,

in fact, the founder of the colony (Fig. 7, h)
;

for, in the case of sea-fir dcA-elopment, as soon

as its hydra-like features are fully formed it

begins to b\id. These buds remain permanently

connected to the primitiA-e organism, and in

turn produce other beings like themseh'es ; so

that in due time, and by this process of " con-

tinuous " budding, Ave liaA'e the form of the

tree - like " sea-

fir " rej^rodnced.

Thus the history

of the "sea-fir,"

from first to last,

teaches iis that it

is really a hydra-

like organism,

Avhich, through

the pennanency

of its buds, has

become a colo-

nial animal, and Fig. 5

which has had its

" Avay of life

"

compound nature

-Cells of riustra aviciilaria (a), and
of Flustra carbasea (b).

marA-ellously adapted to its

Whilst conA'ersely the hydra
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illustrates a primitive form, wliich might perhaps

be regarded as possessing no stability in respect of

its buds, and -which therefore only temporarily and

feebly imitates the colonial nature of its nearest

kith and kin.

A very few words will dispose of the " sea-mat

"

wliich we also found gi'owing to the oyster-shell, and

which, on examination by the microscope, also reveals

to us a compound or colonial animal. Here, how-

-ever, a structure of a higher kind awaits our inves-

tigation. Each little animal of the sea-mat is

enclosed, like a little prisoner, in a " cell " (Fig. 5)

of its own, and there is an utter lack of the har-

monious and co-operative relations we saw to exist

"between the aniraijls of the sea-fir colony. Like

the sturdy smith in the " Fair ^Nlaid of Perth,"

each member of

the sea-mat (Fig.

6) colony fights,

in the struggle

for existence, '

' for

its ain hand ;
"

and probably,

when we discover

that it possesses

a higher structure

than the sea-fir

animal, we may
admit that there

is less need for

co-operation than

ill the latter case.

Within each cell of the sea-mat we find a complete

•digestive apparatus, a nervous S3^stem, and other

belongings of the animal constitution at large, and

with such provision for their wants, the sea-mat

animals can well afibrd to assert an air of semi-inde-

pendence of each other. There are differences to be

thus descried in the Avays of lower existence as in

• colonies and societies of men. Possibly, were our

knowledge of the phases of lower life more com-

plete, we should find that the causes which have

operated in producing dependence in the parts of

•one animal, and independence in those of another,

are more nearly related to the ways of humanity

than Hiight be supposed to be possible. The sea-

mat grows to its compound estate, as does the sea-

fir, by a process of continuous budding from a

primitively single being, arising itself from an egg.

"The results of the budding process in the sea-mat

are surprising in respect of the numbers of cells

and tenants produced. On both sides of the leafy

•organism the cells are packed as thickly as pa-sing-

Fig. 6.—Fra^nent of Sea-Mat {Flustra).

Life size and magnified.

stones in a street—so thickly, indeed, that it is

evident that the results of human over-crowding are

unknown in these lower spheres of animal existence.

Last of all, some readers may feel inclined to ask,

" What relationship can be shown to exist between

these animal colonies and the single and simjile

animals aroimd them ? " A pertinent and im-

portant query this, and one to be briefly answered.

A dog, a bird, an oyster, or an insect, are each and

all smgle animals—or, as we term them in zoology,

individuals. Now what, it may be asked, is the

criterion of an animal's " individuality %
" We

reply, the fact that in itself it represents the

total development of a single egg. Whatever the

single egg may and does become, that is the true

"individual" Judged by this standard, the dog,

bird, oyster, insect, and all higher, as well as many
lower, animals are true " individuals." Now apply

this reasoning to the hydra, and to the sea-fir

or sea-mat. From what does each of these three

organisms arise ? From a single egg (Fig. 7). That

single egg becomes in the sea-mat and sea-fir a colony,

numbering its members by thousands. Therefore

Fig. 7.- Development of Zoophyte (Clava squamata). After AXlman,

the whole colony corresponds to the "individual"

dog, insect, or oyster of higher life. And what of the

hydra % At first single, it appears to represent in

itself the "individual." But we know that it will

bud throughout the summer, and that its buds will

drop off, and produce buds in their turn, with a

similar result. Here, therefore, again, we say that

the hydra and all its detached buds and their

generations form the "individual;" for the animal

and its scattered progeny re^iresent simply the
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complete development of a single egg. So miicli for

the inclividuality of animals. The hydra has led

us far from its humble self in this scientific

ramble : but the digression may not liave proved

altogether uninteresting, and may besides serve to

show how topics of commonplace kind may lead to

larger fields of thought, or may even enable us to

scale the lieights of a loftier philosophy.

COLOUR-BLINDNESS.
By Grant Allen, B.A., Author of "The Colour Sense,'' etc.

A SMALL boy of nine years old, a pupil at a

Belgian primary school, was playing one

morning with his school-fellows, when some accident

or other led him to talk about the blueness of the

tongue. The boys around, taking the remark for a

joke, began at once to laugh incessantly. But

little Delboeuf—now a learned Professor in the

University of Liege—persisted with all seriousness

in his assertion. "What," he cried out ener-

getically, " do you mean to tell me that your lips

and your tongues are not blue ] Do you mean to

say that Eugene here hasn't got blue cheeks 1

"

And he pointed in triumphant confirmation to

the very reddest and rosiest of his companions.

" Blue I" shouted all the other boys in astonishment;

" red, you mean." Little Delbteuf was over-

whelmed by the authority of others
;
yet he felt

internally convinced that the tongue and the cheeks

had for him jirecisely the same colour which he

knew in other instances as blue. Going home, he

inquired of his family, and found that they coito-

borated the strange statement of his school-fellows.

There was only one solution of the difficulty : his

eyes must evidently be differently constructed from

those of ordinary people. In short, he was colour-

blind.

The peculiarity to which the very inaccurate

name of colour-blindness is generally given was

fii-st noticed by the celebrated chemist Dalton, him-

self one of the suffei'ers. He happened once to

examine the blossom of a Geranium zoiiale, which

has really violet petals, by the light of a candle.

The flower, which seemed to him blue by daylight,

became unexpectedly red when looked at under this

artificial illumination. Diilton called the atten-

tion of others to the strange phenomenon : but

to his surprise they saw the blossom as violet as

ever. The incident led him to make a critical

study of his own colour-j^erceptions, and he soon

learned that they differed in a striking and very

definite manner from those of normally constituted

persons. Since that time, numei'ous observations

have been published upon this interesting question,

but those of Professor Delbceuf are at once the

latest and the most scientific.

Whether such a thing as absolute colour-blind-

ness—that is to say, total inability to distinguish

any one colour from another—ever actually occurs

in the human eye is very doubtful. At any rate,

most so-called colour-blind persons do really dis-

tinguish certain colours, and only confuse certain

others in a definite order. In ordinary cases, red

is the hue which is least perceived, and it is con-

founded with green. Thus, M. Delbceuf cannot

distinguish rosy-cheeked apples upon a tree from

the foliage which surrounds them, nor can he per-

ceive any difference between the blossoms of a

Japanese pear [Pyriis japonica) and the neighbour-

ing leaves. As a rule, only two colours are really

recognised by such persons, and all others are

referred to one of these two. Most people call

them blue and yellow ; but, as we shall see here-

after, it is wiser not to give them the names of any

special hues known to normal eyes. Dr. Wni.

Pole, who is another sufferer from this defect of

vision, has given me the following diagram of the

solar spectrum as it appeal's to normal eyes and to

his own (Fig. 1). It will be seen that Dr. Pole

rightly abstains from identifying either of the two

colours which he perceives with those discriminated

by oi'dinary people, calling them only Colour A and

Colour B.

'

Violet. Iiuiigro. Green. Yellow. Orange. Red.

Dr. riiK';- Culnur A. Pr. Pole's Colour B.

Fig. 1.—Comparison of a Normal and Abnormal Eye.

Since it is not true, therefore, that these persons

are absolutely colour-blind, it is u.sual on the

Continent to speak of them as Daltonists, and of

their peculiarity as Daltonism. English writers;

ha^-e strongly objected to the use of these terms.
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wliicli, they say, tend to make a great man re-

membered very largely through a personal defect.

But on the other hand, no name has ever been

substituted for these terms, which does not pervert

the real facts, and so convey a false impression to

heai-ers and readers. Accordingly, in this o

l)aper we shall generally use these convenient

terms, .satisfied that Dalton's fame is quite

able to take care of itself in other ways, and

that it is better to be remembered for having

discovered an interesting defect, than to be forgotten

for want of ingenuity in perceiving its true nature.

M. Delbanif made most of his observations in

conjunction with a friend, ]M. Spi-ing, whose eyes

were normal. They began by heating a platinum

thread in a Bunsenlamp, and examining its spectrum

by means of the .spectroscope. Platinum heated in

this manner yields a light which, when decomposed

by a jirism, shows belts of colour almost resembling

those of the ray of .sunliglit. To make the comparison

ea.sy, a gi-aduated scale (Fig. 2) was projected u2)on

the spectrum ; and one of its divisions was always

brought to the same portion of the image. For

this purpose, the fixed dark and bright lines of the

spectrum * offer a simple means of uniformity ; and

the experimentei-s settled that the number 180

should always coincide Avith the bright yellow band

of sodium.

All being properly arranged, the eye of an

ordinary person .saw the colours as represented in

Fig. 2,. The luminous belt extended from division

When M. Delbceuf himself, however, came to

examine the spectrum, he found that it yielded him

a very different result, which is represented in

Fig. 3. The spectrum did not extend so far for his

eyes as for those of his friend ; he saw nothing at

I 40 60 80 100 120 140 160 180 200 220 240 26D

120 140 leO 180 200 220 240

Fig. 2.—Platinum Spectrum seen by Normal Eye.

20 to about division 235 ; but these limits are

subject to variation, in accordance with the in-

tensity of the light and the state of the pai-ticidar

eye. The violet seems to end and the blue to

begin between 80 and 90. The vague points at

which the colours merge into one another are shown

in Fig. 2 by the upright lines ; while the slant-

ing lines show the parts where they ai-e tolerably

uniform. Yellow is not marked in the diagram,

l)ecause it occui"S only in a very small ])atch of the

platinum sjjectrum, on the line of the sodium.

The brightest part of the belt is in the orange ; and

the shading of the diagram roughly represents the

relative brilliancy of the other colours. It will be

noticed that the blue end is particularly wanting in

brightness.

* "Sciencefor All," Vol. II., p. ll'ti.
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Fig. 3.—Platinum Sjiectrum as seen by Colour-Blind Eye.

the extieme ends, where M. Spring saw the darkest

violet and the darkest red. Midway between these

points he saw two colours oidy, merging into one

another about division 123, or very nearly at the

same point where blue merges into gi-een for normal

eyes. M. Delbceuf calls the two colours which he

can distinguish " blue " and " yellow "
; but Dr.

Pole is doubtless safer in calling them A and B.

To eyes thus constituted, it is clear that all red,

orange, yellow, and gi-een things will appear nearly

alike : the only difference between them will be

one of greater or less brilliancy, not one of colour

properly so-called.

Nevertheless, Daltonists manage very cleverly to

use the same language as other i")eople, and to apply

it on the whole with extraordinary correctness.

They learn that biicks are called red, that grass is

called gi-een, and that buttercups are called yellow
;

and they soon make these distinctions in speaking

between the various .shades of their " colour B."

Daltonists are generally acutely sensitive to sliglit

jgg variations in the intensity of light, or in its

varying shades
;
just as the blind are acutely

_ sensitive to minute differences in touch, on

the principle commonly, though incorrect!}*,

known as compensation. Whenever one set

of ordinary senses is denied us, we are com-

pelled to make moi-e diligent use of the remainder,

in oi'der to keejt up Avith our fellows ; and so

people who cannot distinguish all the usual colours

have to pay special attention to light and shade.

In this way many Daltonists never suspect their

own deficiency, because they are enabled by long

practice to employ the same language as those

who possess normal sight. But there ai"e certain

employments in which Daltonism is a great draw-

back ; as, for exami)le, amongst pilots and railway

servants. A man who only distiuguishes a red

danger signal from a green caution signal by .some

slight diversity of brightness is much more likely

to help on a collision, than a man who .sees red and

green as extremely unlike colours. Accordingly,

the discovery of such an abnormality as Daltonism
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may be made a means of averting untold calamities

by land and by sea. For tliis purpose many rail-

way com2)anies carefully examine all persons seek-

ing employment in their service, and never admit

them if there is any suspicion of Daltonism. The
number of persons found to be thus affected is

something truly astounding to those who have

always looked upon the perception of colour as a

common and universal inheritance of our race.

M. Favre has calculated tliat in France alone there

Fig. 4.—Table for Detectiug Coloiu'-Blindness.

are no less than three million Daltonists ; while

Dr. Stilling places the proportion throughout

Western Europe generally at 5 per cent. From
experiments with 3,080 negroes, Dr. Swan Burnett,

of Washington, found that 1'6 per cent, of the

males and 0*11 i)er cent, of the females were coloiu'-

blind. It would therefore appear that the Africans

are less subject to this optical deficiency than

Europeans.

It is not easy, however, to discover Avhether a

particular pei'son is or is not a Daltonist. An
intelligent man, accustomed to hear objects de-

scribed in correct colour terms, learns to apply

these with so much accui-acy that even a scientific

cross-examination often fails to confuse or convict

him. The slightest difference in shade or texture

will enable him to match pieces of coloured silk

or i)aper, which seem identical in all but hue to

ordinary eyes. Dr. Stilling has therefore invented

an ingenious kind of test for settling the question

in the case of railway servants, with whom aberra-

tions on such a subject are so very undesirable.

He has constructed a set of coloured plates, con-

sisting of little alternate squares,

bounded by black lines, each of which

contains a letter of the alphabet, or, for

the benefit of those who do not read,

a conventional figure such as a cross.

One of these plates is represented in

Fig. 4. The squares with upright lines

are coloured dark gi-een in the original,

while those Avith horizontal lines are

coloured a much lighter gi-een, thus

making a sort of shepherd's plaid pat-

tern. The squares left blank in the

figure, however, are coloured in the

original Avith a shade of i-ed exactly

equal in intensity to the lighter green,

and they form a letter of the alphabet

—in this case Z. Any person Avith nor-

mal eyes avIio looks at the tables can

at once distinguish these red letters

;

but they utterly bafiie the Daltonist.

If the colours Avere not diA-ided by

black lines, the point Avhere they over-

lapped might enable a sharp eye to

detect the difference ; and if all the

green squares Avere of one shade, the

red Avould A'ery probably betray itself

by some slight A'ariation in intensity,

quite inajipreciable to ordinaiy eyes

;

but Dr. Stilling's precautions are so

thorough that no Daltonist ever escapes

detection by their means; indeed, many persons

Avho never suspected themselves of the smallest

deficiency are often slioAvn in this manner to be

slightly affected Avith Daltonism.

Stilling's tables also prove that there are many
intermediate stages betAveen the most acute colour

perception and absolute Daltonism'. Just as some

musical ears can detect differences of pitch as

minute as one sixty-fourth of a tone, Avhile others

can detect only a semitone, and extremely un-

musical persons cannot CA-en distinguish any t^\o

notes in the same octaA-e, so some eyes instantly

percei\e the red letters on the tables, others notice

i
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them aftei" a little inspection, and otliei-s see them

only after they have been pointed out, or not at all.

Can anything be done to correct this defect ?

Professor Delboeuf has invented an ingenious j^ro-

cess for temporarily effecting tliis purpose. By
interposing a transparent purple substance between

the eye of a Daltonist and the objects viewed, he

linds that they suddenly acquire, if not the normal

coloui-s, at least certain colours which the Daltonist

has never before seen. In order that the amount

of the purple substance should exactly suit the

particular eye, he constructed a wedge-shaped glass

vessel (Fig. 5), with a graduated scale. This was

Fig. 5.—Vessel for Correcting Daltonism.

then filled with a solution of purple fuclisine, and

moved up and down between the eye and the

platinum spectrum, till the proper thickness of

liquid for producing the desired effect was found.

At once Professor Delboeuf discovered that the

red, the violet, and the other colours which he

iisually confused, had assumed a totally distinct

appearance; while scarlet, which generally seemed

to liim dull and dingy, shone out with a pei-fectly

astounding and dazzling Ijrilliancy. In all jiro-

Ijability, for the first time in his life, he saio red

as other people see it. Experiments on other

Daltonists soon showed him that they were

similarly affected by the fuchsine, and that when
they had found the proper thickness of a particular

solution they could always readily distinguish

colours which they had hitherto invariably con-

founded. Natitre suddenly acquired new charms,

and clothed itself with a marvellous variety of

unknoA\^^ tints.

On the other hand, M. Delboeuf found that by

exactly revei'sing this process he could produce an

artificial Daltonism in normal eyes. A solution

of chloride of nickel, which is gi'een, placed in the

same vessel, and graduated by means of the scale

so as to suit the particular eye, reduced the colours

of tlie spectnim to two, or at most three—blue,

gi'een, and yellow. The red, the orange, and the

violet disappeared, and the world probably assumed

for a\vliile the same hues which it always presents

to the Daltonist. Everything seemed to be either

blue or yellow. For this reason M. Delboeuf is

very possibly right in assuming that tliose colours

are really .seen by Daltonists as by other people.

What is the cause of these peculiarities ? Fully

to answer that question would draw us off too far

into the region of mere guess-work, for we know
too little about the machinery of sight to be able

as yet to account for such special facts as those of

Daltonism. But we may get a fairly good idea of

the case if we suppose that in the Daltonist eye

the gi-een rays of light have an excessive influence,

while the red and violet rays have too little influence.

The gi'een, in other words, seems to produce

.so much effect that it drowns the other colours,

just as a big drum drowns the notes of a small

musical instrument in its neighbourhood. If so,

we might expect to restore the natural balance by

stopping a part of the gi'een rays. This is just

what the fuchsine does ; it lets through the red

and the violet, which by their union form purple

;

but it checks the larger part of the green. Then,

for the first time in the Daltonist eye, the red and

violet rays are able to act unimpeded, the blue and

yellow retain their natural colour, and the central

green is separately distinguished. The chloride of

nickel, on the contrary, acts in precisely the oppo-

site manner. It checks the red and violet rays,

allowing the green, and to a less extent the blue

and yellow rays, to pass through. Thus the two

foi'mer colours become so enfeebled that they no

longer affect the eye, which is accordingly brought

into somewhat the same condition as that of a

Daltonist.

By examining each person with the solution of

fuchsine in such an instrument as that in Fig. 5,

it would be possible to discover the exact extent to

which his eyes required rectifying, and so to con-

struct pui-ple spectacles of the necessary thickness.

A liquid like the fuchsine solution Avould be an

awkward substance, it is true, for such a purpose,

but there can be little doubt, since attention has

been so fully directed to the subject, that .some

means of colouring glass in the needful manner

will soon be invented, and that colour-blindness

will be practically obviated, just as short and long

sight have already been con-ected by the different

kinds of .spectacles. Even with the liquid alone

Professor Delboeuf exclaims that the whole world

has taken a new and enchanting aspect in his eye.s.

Shut out before from all the enjoyment of that

wealth of colour which renders nature so beautiful

to our sight, he can now behold, he says, the bright

clusters of the red horse che.stnut throw themseh'es

out in vivid ma.sses on the sombre verdure of the

foliage ; the rich blossoms of the rhododendron

cliange as by miracle from a uniform blue to their
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natural crimson and violet ; and the berries of the

nioiuitain ash, which seemed before like black spots

against the gi-een leaves, take in a moment the

semblance of glowing bunches. If only tliese

results could be obtained with a solid, colour-blind-

ness might practically become a thing of the past.

OCEANIC ISLANDS AND THEIR HISTORY.

Bv Pkofessor p. ]\L\rtix Duxcax, M.B., F.It.S., F.G.8., etc.

IF a very large map of the world is studied, and

the spaces occupied by the great oceans are

looked at carefully, a considerable number of

names will be found printed, in some parts, ])retty

closely together. They are those of islands ; and

although the names may be \'isible enough, the

marks denoting the islands are often so small that

they can be distinguished only by people who have

good sight. Sometimes a very large model of the

globe is to be seen, and if it is correct, and if the

places marked upon it bear a true i-elation in

l)Ouit of size to the whole, the greater number of

the islands cannot be made ^dsible, and many are

only mere points on the surface. The names often

occupy a hi;ndred or two of miles, and sometimes a

thousand miles, of expanse ; but the island itself,

perhaps not as large as the Isle of Wight, is a mere

dot on the model of the face of nature.

It is rare for any of these ocean-surrounded islands

to be of any great size ; nevertheless, there are one

or two which are of considerable dimensions. They

are usually very small, and are either solitary, or in

groups of from a few to some hundreds in number.

All are in the midst of profoundly deep water,

and theii- distance from the nearest mainland is

usually considerable, and sometimes vast. At first

sight, the map on which these Oceanic Islands are

tolerably largely marked, gives the impression that

they are placed here and there without any

definite order, and the mind fails to grasp any

relation between their position and the mair xnd. A
careful study, however, of the shape of the floor of

the ocean, and also of the direction of t'le trend of

some of the great mountain sy.stems of the continents,

lea Is to a different conclusion, and it appears that

there is order, in the seeming disorder, of the

distribution of these interesting spots on the surface

of tlie globe. One thing strikes every mind, and it

is, that these little spots of land suiTOunded by

ocean, most of them remote from land, usually

co\er'3d with vegetation, and possessing many

remarkable animals, should be so isolated by the

great depth of water in which they stand. From

10,000 feet to 20,000 feet is a common average

depth of the ocean a few miles from the islands

;

and even when they are in groups, neighbouring

islands being not more than eighty to 100 miles

apart, there is often deep water between them.

The scientific use of the sounding ajiparatus has

shown that most of these islands are not only

surrounded by very deep water, but that their

sides are A^eiy steep, and that their bases, or the

extent covering the sea floor, are small. Many of

them rise up suddenly, as it were, and with a most

abrupt slope. Many of the islands thus environed

by the deep ocean only just rise above its sui-face,

but some have mountains on them, even reaching

to the height of as many feet as the sea is deep.

High and low hills are commonly noticed upon a

vast number of them. The flrst impulse in en-

deavouring to leani anything about these interest-

ing Oceanic Islands, is to compare them with the

continental islands, which are usually large, and arc

more or less close to continents, not being sepai-ated

by very deep water. The distinctions between the

two kinds are important. The continental island

is constructed, so far as its strata and earth-layers

are concerned, upon the same plan as the neighboiu--

ing mainland. It is an outlier of the land. Or, if

this is not quite the case, the mountains of the

coast-line of the continent are in evident relation

with those of the island, in their direction and

geolo£rical ajje. That these islands once formed a

portion of the continent close by, and Avere separated

by mai'ine erosion and some irregular movements

of the earth's crust, appears to be most probable.*

And this theory is enhanced in its value when

it is known that nearly all the animals and plants

of the separated lands are of the same species.

There is certainly some reason for believing tliat

the period of the separation of the continental

island from its nearest mainland, can be appre-

ciated bv the resemblance of the plants and animals

in both localities. Should nearly all the kinds bo

similar, and only a few exist, as peculiar to one of

* See "Continental Islands," Vol. II., p. 150.
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the land siu-faces, the separation may liaA'e been veiy

late in the world's history. But if there is a con-

siderable difference in the kinds, and many strange

plants and animals are observed, by visitors, from

one land to the other, it is a.s.sumed that an older

date may be given to their disruption. The

gi'eat similarity of the fauna and flora—that

is to say, of the assemblage of animals and of

plants—of the mainland and of the continental

and sometimes entirely, from those of the nearest

mainland, some othei-s, which may be many

hundreds of miles from a continent, have many-

species in common with its surface.

The greater number of Oceanic Islands have a

foundation of rock which originated during volcanic

action, and they may also consist of coral limestone

which has collected around such rocks. Their

strata, if they have any, are the result of the wear

Fig. 1.

—

Peak of Teseriffe.

island, has to a ceii;ain, but arbitrary, extent deter-

mined that such and such islands are continental.

The Oceanic Island may be, as has been already

noticed, not very remote from a continent ; but in

the great majority of instances there is no geological

relation between it and the mainland ; the layers of

earth are not the same, and the hills are not off-

shoots, as it were, of those of the continent close by.

The exceptions to this statement are not numerous,

but there are some important ones ; and singularly

enough, these exceptional islands partake of the

continental character somewhat, and are not per-

fectly oceanic, as a rule. Again, whilst in some
Oceanic Islands the animals and plants differ, partly

89

and tear, in places, of coral rock, and of the volcanic

I'ock itself; and blown sand is found also. Hence,

there is not much diversity in the construction of

Oceanic Islands ; but their vegetation and animal life

ai"e full of novelties to the visitor who for the first

time crosses the landless ocean to some of these little

paradises. Some are crowded with a luxuriant

vegetation, and Avitli birds and insects ; on the other

hand, othei-s are deserts, bare, inhospitable, and

the haunts of seals and a host of fish-loving birds.

Some are masses of coi*al rock with barely a vestige

of tree life, and others are steep rocks of basalt

covered with guano. In some the precipitous moun-

tains, the volcanoes, and the inland lake or lagoon,
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render the flora diverse and cliarniing ; and in many,

a scanty vegetation struggles for existence against

damp, glaciers, gales, and a persistently low tem-

perature.

But before considering this interesting part of

the subject, it is necessary to refer to some facts

relating to the Oceanic Islands. Consider, firstly,

those of the Atlantic Ocean, which are few in

number in comparison with those of the Pacific.

The Azores come first, and are situated one-thii'd of

the way across the Atlantic, west of the Spanish

coast, and they constitute a little group of islands,

some being a hundred miles apart. Between them

there is from 2,100 to 8,400 feet depth of sea,

whilst the ocean-floor between their shore and Spain

is from 12,000 feet to 15,200 feet below, for the

greater part of the distance. On the west of the

Azores the water is shallower fo)* 300 or 400

miles, than to the east; it is over 12,000 feet

deep between them and the Oceanic Island of

Madeira to the south-east : but to the north

the depth is about 6,000 and 7,200 feet. These

islands, far out at sea in the midst of a deep

ocean, are, when the soundings are more carefully

examined on all sides and are compared with those

of the whole bi'eadth of the Atlantic, on a gentle

rise of the ocean floor, which is about 1,000 miles

across, and which extends from Iceland to aboiit

the latitude of the West India islands, but about

one-third of the way across to the African coast.

This suVj-marine ridge is slight, but it divides the

Atlantic there into an eastern and western trough,

and the depth of water on it varies from 6,000 to

over 11,000 feet. All the rocks of the Azores

rising from this ridge are of a volcanic nature, and,

indeed, evidences of volcanic eruptions of late date

are to be seen. INIoreo^er, the mountain-peak of

the island of Pico is a most symmetrical extinct

volcano, 7,613 feet in height above the sea.

Thus, this hesq> of volcanic rocks in the deep sea,

with a gi'eat mountain on it, I'ests on the lidge, and

is separated by very deep water from the Eui-opean,

African, and American coasts ; the temperature of

the sea on the floor being very low.

If the ocean be sounded from the Azores to the

south-east, after a certain distance the dei)th

increases, and instead of bottom being found at

6,000 feet, it requires 12,000 to 1.5,600 feet of line

to I'each it. This ]3art of the ocean floor is in the

eastern trough of the Atlantic ; but it is narrow,

and the water becomes shallower pretty close to the

island of jNIadeira, which is towards the northern

extremity of a sub-marine plateau which slopes

from the coast of Portugal, being a little moi-e

deeply placed than the great central ridge. The
water is as deep as ever between Madeira and the

neighbouring coast of Africa, and therefore it is in

the position of an Oceanic Island. Moreover, it is

formed of volcanic rocks, but there are the relics of

sedimentary strata Avhich collected when there was

an old Madeira, equally volcanic, and in the Miocene

age, and they contain corals and plants of that

remote time. Indeed, the evidence goes to show

that even then the island was oceanic, but that the

climate and other conditions of the Atlantic, gene-

rally speaking, were difierent.

Standing up from deep water in the sea, the

island rises above sea-level to 6,000 feet, and is

remarkable for its rugged surface, great precipices,

as well as for some plants and land-shells which are

peculiar to it and which will be noticed farther on.

South of Madeira, but separated by very deep

water, are the Canaries, a group of islands sui-

rounded by deep water except on the African

side, two of them being near the coast. They are

volcanic, and the high Peak of Teneriffe (Fig. 1),

towering thousands of feet, is a grand instance

of a volcano. Still to the south are the Ca2)e

de Verde Islands, separated from Africa by a

sea under 12,000 feet deep, but surrounded every-

where else by water resting on a floor deeper down
than 14,000 feet. They are volcanic, and several

islands have mountains on them of 7,000 to 9,000

feet, and St. Vincent's highest point is probably

2,483 feet.

Befoi'e considering an important set of islands off"

the American coast, and which differ to a certain

extent from all these, it is not unprofitable to

endeavour to imagine how these four grou];)s of

islands would look, were the Atlantic drained off".

There would be a vast flat with a table-land in the

centre rising very gradually, and almost imper-

ceptibly, to the height of 6,000 feet in some places,

and 12,000 in others ; and rising suddenly from the

extreme height would be the jH'ecipitous crag of the

Azores, with others close by towering up another

9,000 feet. So that from the western basin of the

Atlantic, or rather from its floor, the rise would be

23,400 feet, but in so many miles that it would

almost be imperceptible. Farther east, and especially

in the Canaries, the craggy mountains Avould be as

high as the highest of the Himalayas, and in the

remote distance the table-laud of the African con-

tinent would commence. On the op})Osite side, the

Bermudas, about to be noticed, would apj^ear to

rise more suddenlv. bat not to so ereat a height as
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tlie othei-s. All this leads t-o the impression of the

isolation of the islands, and their great separation

from the mainland and from each other. And
when it is considered that they are surrounded by

a sea very cold below, warm above, and wliich

cannot wear away the rocks at a depth of a great

many fathoms, the manner in which these moun-

tains, more or less siibmerged (for such are the

islands), came to be, is difficult to explain.

Another groiip of islands, oceanic in character,

is on the American side of the Atlantic Ocean,

and several degrees to the south. Deep water

suiTounds these Bennudas on all sides, and the

sounding-line plunges down, within a few miles of

the shore, to 10,800 feet and then to about

14, -too feet. Seven miles to the north of the

islands, the depth of the sea is 5,180 feet, and

two miles farther off 10,650 feet, and to the nortli-

west there is 12,000 feet of depth seven miles

from the land. Hence tlie Bermudas rise, remote

from land, very suddenly and steeply from the deep

ocean floor, and are not situated ujx)n a ridge. The

absolute amount of land above the sea on the

Bennudas is 12,000 acres, biit the shallow water,

around in a circle, of which the land forms a part, is

twenty-fom- miles long and twelve miles wide. No
volcanic rock is visible ; on the contrary, the land is

of a white granulai- limestone covered ^\^th blown

sand, and there is much red earth. The shallow

sea around the land is covered with coral, and all

these islands and shallow sea-floors are composed

of carbonate of lime, the result of the vital activity

of the white coral polypes.

From obser\ations made with some care, it

appears that foiTnerly there was more land than

there is now about the Bermudas. Now, the

Azores and the Bermudas are two types of tlie

commonest oceanic islands—those wliich are purely

volcanic, and those which are fomied of coral rock

—and in the one the island is piling up every now
and then by the casting forth of volcanic mattei-s

and their collection on its surface ; and in the other

the area of the land is diminishing, for the island

has sunken slightly.

Not many miles north of tlie equator, 540 miles

from South America and almost due south of the

Azores, midway between Africa and South America,

are some ven,- small rocks, called St. Paul's, rather

under a quarter of a mile from end to end. Some
are low and dark coloured, and othei-s, from fifty

to sixty feet above the sea, are preci])itous, exces-

sively iitgged, with channels and straits through

wliich the sea dashes. Birds make homes of the

rocks, and instead of the splendid foliage of the

Azores and Bermudas there is a desert. So sheer

are the sides of these rocky Islets, that ships

find . 600 feet of water at a distimce of 100

yards from the land. From this depth there is

a i-apid increase, and there is veiy deep water all

around this little speck in the ocean, and it is

deepest towards the nearest land, which is Brazil,

to the south-west. Thus 16,656 feet of depth occur

not far 02*111 this direction, and it increases 1,200

feet more within a little distance ; but to the north-

east there is not 12,000 feet of water. The reason

is that these rocks, forramg a third kind of oceanic

island, are on the edge of the continuation of the

central ridge of the Atlantic flooi-, which slants

in this part of the world to the south-east from

north-west. The rock is not a recent volcanic one^

nor is it a coral rock, but it belongs to an ancient

form of volcanic rock, and there is reason to believe

that this little gi-oup of islands with vast depths

around them have a great ancestry. Certainly they

are worn away year by year by the rush of the sea,

and the guano of the birds decomposes the rock

also.

There is a perpetual swell on, and the cuiTent on

the surface of the ocean is so strong that a boat

can hardly be pulled against it, for it rushes along

by the sides of the rocks like a mill-race. Isolated

indeed are these locks.

Tliere is deep water to the south-west of St. Paul's

Rocks, and before the islands and rocks of Fernando

Noronlia are reached, there is a depth of 14,780

feet. Within six miles of this small group of rocks

and islands, there is a depth of 6,060 feet, so

that they rise abruptly from the sea-floor, and not

from the central ridge, but from a tongue of

slightly elevated sea bottom which reaches towards

Cape Roque, the nearest point, on the South

American coast, distant nearly 200 miles. This

tongue of floor is in deeper water than that

remarkable, long, mid-oceanic floor-rise. The island

is of volcanic rock called phonolite, from its giving

a musical sound to the stroke of the hammer, and

there is sandstone ; and one of the peaks, the relic

of a vast former one, is 2,000 feet in height. A
fine vegetation covers much of the island, but not

much is known of it, although enough has been

gleaned to be of use in appreciating the relation of

the flora of this island to that of the mainland.

A glance at the map of the world will show the

St. Helena and A.scension Islands, and these are

skuated in moderately deep water, but on the cou-

tuiuation of the mid-Atlantic ridae.
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Far to the south, 1,320 miles from St. Helena,

and 1,550 miles almost due west from the Cape

of Good Hope, and a third farther from the

extremity of the American continent, is a group

of islands oceanic in tlie extreme. One is the

island of Tristan d'Acunha, and the others are

called Nightingale and Inaccessible Islands,

Gough Island being 200 miles to the south of

them. They are not on the I'idge, but on the other

side of some deeper water, and on a vast sub-

merged plateau at least 12,000 feet deeji, which is

an extension of the sea-floor of the Antarctic

Ocean. Standing in this deep water, there are

two decided currents in the sea which washes

their shores—one from the American side, or

the Cape Horn, and the other a part of the

the whole subject of Oceanic Islands teems with

problems i-elating to former continents and lost

lands continuous more or less with those now
existing.

These questions receive a greater importance

when the natural history products of the islands are

considered. The Azores, Madeira, Tenerifie, and
the Cape Verde Islands were, when first dis-

covered, resplendent with flowers and magnificent

vegetation. Whence did this come? Later investi-

gators have shown that Madeira contains a con-

siderable number of kinds of animals, or molluscs,

which, living on land like the snail, are called land-

shells. A lizard of a kind like a gecko is found in

this last-mentioned island and in the Cajje Verde

Islands. Moreover, the scientific examination of

Santa Christixa (ilar'pic^as Idandf).

Brazilian current, whicli runs to the south from

that coast. They are small islands, and Tristan

•dAcunha is about four miles long and as many
broad, or sixteen square miles in all, the highest

peak being 8,326 feet above sea-level. Nightingale

Island is twenty and a half miles off", and its area is

a square mile ; while Inaccessible Island is four

square miles in area, and is about twenty-three miles

from Tristan. The whole group consists of volcanic

rocks, and the peak of the last-mentioned island is

a rounded, tijiped, conical mountain, and of volcanic

origin. It is tolerably evident that these remote

islands of the Atlantic are not without a definite

relation to submarine ridges and [)lateaux, and that

although their coasts have been worn, there is no
proof that of late years there has been any gi-eat

diminution of their size.

The occurrence of the islands on the central At-

lantic ridge is very suggestive of the question which
bears on the origin of the islands—Was that long,

sinuous, broad submarine somiding ever nearer the

surface than it is now, or above it 1 And, indeed,

the botany of the islands proves that whilst many
plants of the same kind are found in all, and also

on the neighbouring continent, a certain number

are peculiar to the islands. The plants of the

Azores may be taken as the example. Tliose which

have not been introduced by man, may be divided

into three sets. Fii-stly, there are kinds which

are also found in South-western Europe. Secondly,

a niost suggestive and remarkable set of about

thirty-six in number are found also in Madeira

and the Canaries, but nowhere else. This con-

stitutes a little Atlantic oceanic island flora.

Finally, there are forty flowering plants in

the Azores which are peculiar to those remote

and isolated spots of land. Thus, there are

plants and a gecko common to the islands ;

plants common to them and the continent ; and

shells, insects, biids, and plants, not found any-

where else on the globe except on these Atlantic

islets. Whence came these things which can

neither swim nor fly? The answer will account for

the Oceanic Island.



OCEAXIC ISLANDS AND THEIR HISTORY. 32.5

The usual answer is, that these liviug things were

s])ecially created for the islands ; another is that

these volcanic islands have been planted by waifs

and strays fi-om the continent and from one anothei-,

and that the insular position and surrounding con-

ditions enabled the plants to alter in their kinds.

The first method is of course possible, but it is

against the analogy of nature, and the very im-

i)robable second may have had something to do

with the occurrence of kinds not known anywhere

else. There is another alternative which will

develop itself gi-adually as these pages progi-ess.

Tenerifi"e; one is of a kind found in South America,

and the other is peculiar to the island.

In the southern group of the Atlantic oceanic

islands, thei-e are not many kinds of plants, but

Tristan d'Acunha and its neighbouring island,

contain plants the majority of which are of South
American (Fuegian) kinds. Other ])]ants are of

genera which have kinds at the Cape of Good
Hope, and a pretty pelargonium is very repre-

sentative of the African kinds. Two very common
plants are found also at Amsterdam Island, 3,000

miles distant, and one plant is of a genus only

Fig. 3.

—

Tahiti (Georgian Islands).

It is necessary to consider, however, the nature

and bearings of the plants and animals of some of

the other islands. In noticing the plants of Fernando

Noronha there are some extraordinary instances

of veiy wide distribution to be obsei'\'ed, and it

may be stated here that there are many kinds of

animals which live in South America which have

gi-eat anatomical and natural history resemblances

to others in Africa.

The plants of Fernando Noronha are allied to

those of South America, and there is amongst

them a common convolvulus, which is known also

in the West India Islands, as well as in the Cape

Verde Islands on the other side of the Atlantic.

There is no special assemblage of ])]ants peculiar

to the island, but there is a peculiar species of

fig tree. Two lizards occur, but not the lizard of

found in America and in those islands. Clearly no

seeds could have got all this way by sea or by

birds.

In the Indian Ocean and the great waste of

waters to the south, there are not very many
Oceanic Islands. To the east of the continental

island of Madagascar there are the well-kno^\^l

islands of the Mauritius, Bourbon, Rodriguez, and

to the north of them some so-called " banks,"

where the land rises just out of water, being

encircled witli coral reefs and made up of coral

limestone. Far to the south, on a line with these,

are the Crozets, a little group of islands volcanic in

structure, and this linear direction is over a space

equalling that fi'om the North Cape of Europe to

Constantinople. There is about from 6,000 to

10,000 feet of water in the sea separating these
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islands, but it is mucli deeper between Bourbon

and tlie Crozets than to the north. To the east of

these isL\nds, just to the north of the equator,

and near Cai)e Comorin, are the Laccadive and

Maklive Ishmds, which, made up of coral like the

Bermudas, are as an archipelago. 470 miles long

and 87 miles bi'oad, and they rise up from the

ocean floor from a great depth and suddenly.

Hundreds of islands of all sizes are found

amongst them, and most consist of a ring of land

broken by the surf outside and having a shallow

lake or lagoon within. Now, to the south of these

is a vast shallow, called the Chagos Bank, some

76 miles long, 24 to 60 feet deep at the edges, and

300 feet in the middle, and all around it is very

deep water. Far to the soiith are St. Paul's and

Amsterdam Islands, and still further Kerguelen's

Land. A third set of islands situated in a north

and south direction, but, of course, like those just

mentioned, widely separated, is to be traced from the

Bay of Bengal, where the Andaman Islands have

the Nicobars and Keeling Island in linear series.

Tluxs, in this great ocean, the Oceanic Islands

widely separate, and consisting mainly of coral

formation—there being the Atlantic type of vol-

canic island far to the south—ai-e in linear series,

and Avere the sea drained off they would represent

three distant parallel sets of high peaks—a crowd

of mountains, here and there separated by plains

and shallow depressions,but on the whole they would

not be so high as those of the Atlantic.

In the Pacific the Oceanic Island is seen to per-

fection ; there are many hundreds there, now grouped

together, now separate, now low, now often consti-

tuting very high ground, and always surrounded

by very deep water, 12,000 feet being a common
and average depth. It is usual to consider New
Zealand amongst them, and New Caledonia also,

but they are very exceptional, and are more or less

semi-continental—for although they are separated

from the neai*est mainland by great depths, they

are composed of rocks most of which are to be

found in Australia. It is not proposed to refer

to them, but to those islands which crowd the

map as minute si)ecks on the ocean from Japan

and Australia to the Americas over a vast surface

of the globe. These islands, sparingly distributed

to the east—for they are rare indeed for 60° of

longitude from the American coast—are in great

abundance to the west, and form a great number

of archipelagoes or assemblages of islands in gi'oups,

sepai-ated by deep sea from others.

The Sandwich Island group is the most northerly.

and consists of several islands, the most celebrated

being Mauna Loa, with its vast volcano rising up
to 14,000 feet, the whole standing in water of at

least 12,000 feet. Measured from N.W. to S.E., the

group is at least 530 miles long, and Dana states

that there are lines of rock and reef which carry

on this array of peaks 2,000 miles, or "as far as

from New York to Salt Lake City." There is, how-

ever, a great ocean space to the south-west of the

Sandwich Islands, and then there is a crowd of

islands. Now these, under a great variety of

names, such as the Ladrone, Caroline, Friendly,

Fiji, Navigators, Georgians (Fig. 2), and Marquesas

(Fig. 3), form a vast series, ending in the remote

south-east at Easter Island. They are not placed

without order, for it can be shown that the main

trend of these Oceanic Islands is in parallel lines

dii'ected on the surface of the globe from north-

west to south-east nearly.

This so-called trend, or bearing Avith i-egard to

the compass, or this geographical distribution, so

to sjjeak, of the Oceanic Islands of the Pacific, is

certainly true regarding the great majority. It is

most sufioestive when considered in relation to the

less manifest but still decidedly orderly position of

the Atlantic islands. Moreover, there appears to

be much truth in another observation, which we

owe to the distinguished American, Dana : it is

that the sjiace of sea between the long parallel

lines of the islands, of which the Sandwich group

form the northerly, and the Tahiti and all the rest

just alluded to are the southerly, is nearly Avithout

any islands. He reminds geographers also, that

the low-shored and flat islands are immediately

on either side of this landless space, and that

the lemotest islands to the north and south have

high hxnd and are mountainous. Nearly all the

lower islands resemble the Bermudas, in being

composed of coral limestone, and in being sur-

rounded by coral reefs. They may be eighty miles

long, or not half a mile, and if there is not a high

central mountain there is a still lagoon or lake,

into which the sea passes. The mountain, when

it exists, is invariably composed of volcanic sub-

stances, such as basalt, and traces of small pieces

of this mineral, in the form of low jiinnacles or

small rocks, are occasionally seen sticking out

of the coi'iil rock when there is no hill. Where

the island is low and has a lagoon, it is, of course,

a more or less jierfect ring-shaped spot of land, and

in many there is vegetation close to the beach,

and often a line of planted cocoa-nut trees. In

the larger islands there is more vegetation, and in
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the mountainoixs ones it is profuse. Xow, these

Pacific islands, i-anged in a more or less orderly-

manner in parallel lines, separated by a vast land-

less space of sea, occupy more than 6,000 miles

(or one qixaiter of the globe's circumference) in

length, and 2,500 in breadth. They are remote

from each other in many instances ; they are far

ofl" the American continent, and neaier but .still

distant from the Asiatic and Australian land-

masses. They have no mammals on them, but

birds abound, and there are a few i-eptiles in some.

Now, these birds strike the traveller at once, and

can be readily divided into those which ha^-e great

powers of flight, and could fly from one island to

another, and from the nearest continent ; and into

those which cannot fly far, and which live on

fruit or the products of forest land. It is not

surprising to recognise in some of these distant

islands some of the wandering birds, but there is

no mistaking the interest excited by discovering

that a great number of these land birds are peculiar

to some of the islands, and are not found anywhere

else. They are, therefore, what are called endemic

kinds. Now, if the vegetation is examined, some

trees which have been introduced by man from

distant lands will be noticed ; some plants are the

same as those of the nearest mainland of Asia or

America, but the rest are peculiar. Some of them

are endemic, and are not found elsewliere on the

globe, and the rest are trees which are kno\\Ti as

shrubs elsewhere. Just, then, as in the Atlantic

Oceanic Islands, there are plants which are found

on the neighbouring continent, and a peculiar flora

also characteristic of some of the islands, and

endemic, so in the Pacific there is a corresponding

arrangement. The plants of the two sets of islands

are, however, not the same. It must be remembered

that Avhilst some seeds travel far with the wind,

and may be wafted by tide and currents, othei'S,

and the majority, cannot be thus distribiited. Salt

water is very destructive to things li\ing on land

and in fresh water. Moreover, in addition to

this peculiar vegetation, some of these islands

have fresh-water shell-fish belonging to the same

genera as those so common on the gi-eat continents.

Another point of intere.st in the relation of the

living things of these islands to those of the conti-

nent, is the fact that in some very remote ones,

s\ich as the Galapagos Islands, which are nearer

tlie American coast than any others, being distant

from it about 500 or 600 miles, there are not only

a very considerable number of kinds of birds and

plants which are endemic, but there are peculiar

lizards and also huge tortoises whicli are essentially

land-loving creatures. Now, the endemic plants and

birds of these islands, although of difl'erent kinds

to those of the nearest continent, still re.semble

those of South America ; but the tortoises, gigantic

in size and formerly vast in numbers, are totally

unlike anything on the mainland of America, or

on any of the other islands in the Pacific. The

only spot on the earth where similar tortoises—that

is to say, of the same huge dimensions and pre-

senting nearly the same anatomical peculiarities-

were found, are the islands of the Aldabra, Rod-

riguez and Bourbon group, to the east of !Mada-

gascar, on the other side of the globe. These

largest of tortoises are island dwellei-s, and are

gi'adually being exterminated by the wicked waste

of man.

How these tortoises came to be on such distant

spots surrounded by the sea, how the land-jjlants,

humming and other birds, the fresh-water shell-

fish, and the lizards, endemic or not, came to exist

on these widely-scattered Oceanic Islands, is a great

mystery. Some kinds of birds and plants may have

been carried by wind and wave, but other causes

must have been in action to permit of the existence

of the floral beauties of Selkirk's Island—Juan Fer-

nandez— or of Fiji, or of Hawaii. It may be

mentioned, for it adds to the grandeur of the ques-

tion, that not only is there a resemblance of the

kinds of fresh-water living things and of some

animals and plants of South America and Africa,

but that there is a resemblance of New Zealand

and South American kinds also. ^Moreover, the

plants of the south-west of Australia are in some

instances closely resembling those of the Cape of

Good Hope. It is quite evident that most of the

animals and plants of Oceanic Islands, and most of

those which are found widely separated in -very

distant countries, could only have got from })]ace to

place on dry laud, or by fresh-water streams.

It is quite impossible that gigantic tortoises,

lizards, hosts of insects, which can neither swim

nor fly far (or at all), and fresh-water clam-shells,

could get on to islands remote from land and sur-

rounded by deep sea by chance, as waifs and strays.

And at the present day we do not find the plants

of countries or of the Oceanic Lslands changing or

being added to by the natural introduction of those

hitherto tmknown on them. It is not consistent

with the analogy of nature, nor with the first

principles of science, to believe that e%ery one of the

thousands of Oceanic Lslands luis had its plants and

insects, animals, birds, and shell-fish, esi)ecially
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created and placed on it. There must be some

more comprehensive method, and it rehites to

those grand causes which produced the Oceanic

Islands. In the Pacific Ocean the long trend of

islands from near Japan to Easter Island is, for

the most pai-t, on a line of less depth than the

central landless space to the north and east of

it. The depth may be said to average from 12,000

feet to 15,000 feet, and that of the space from

15,000 feet to 18,000 feet. Again, to the north of

the space there is the line of the Sandwich Island

group in its fullest extension. This is over a sea-

floor whose depth is about that of the much longer

line to the south, and there is deeper water farther

north. If the map of the Pacific Ocean were

shaded to represent the profoundest depths, and

these remarkable sub-marine elevations of a few

thousand feet, the marking would start from the

southern point of South America, and would be

carried on to Japan ; to the north of the equator

there Avould be a parallel line. On these sitb-

marine ridges are the Oceanic Islands, as a rule, and

they are more or less of volcanic origin. Dana,

in noticing the great number of islands in a small

space in the Fiji group, was impressed with the

truth of Chai'les Darwin's great theory that the

coral island a:id the other islands with reefs around

them at some little distance, were formed during

the gradual sinking down of the more or less sub-

merged mountain on which the coral grew. The

hill-top sank under the waves and the coral grew

upwards ; and, in the instance of the low-lying

islands, the hill has disappeared and the coral has

persisted. The Fiji Islands now constitute about

5,500 square miles of land, and Dana shows pretty

conclusively that before they sank as mountains the

sea washed the shores of 15,000 square miles of

land there. The sinking of the ocean floor caiTy-

ing with it the baSes of the mountains, and the

submergence of their summits, are grand phenomena
which have attended the formation of coral reefs

and islets of circular form. Moreover, the deep
valleys of the mountains which still exist above the

level of the sea, open at once into deep water as if

the hill-sides scored by age had been submerged.

But what was there before this submergence took
place? The trend of the islands and of the sub-

marine ridges bears a very cuiious relation to the

trend of the mountains of the west of the Americas,

and Dana has shown that in the structure of sreat

continents the gi-eater mountain ranges are on a

line with the coasts and not in the middle. These

considerations lead to the belief that a continent

once existed in the position of the present central

space, and that the northern and southern parallel

groups of islands were once hill-tops of its coast-

lines. They ai-e, to use the expression of the great

American geologist, memorials over departed lands.

It is difficult to believe that hundreds of volcanoes

could have built themselves up under water ; but

there are many proofs that subsidence of the crust

of the earth has carried, and does still carry, down
mountains. The Oceanic Island of the Pacific is,

then, a more or less altei'ed mountain summit, and

its endemic and most of the other plants, birds,

insects, and shell-fish, are the relics of a drowned

land.

In the Atlantic the same line of reasoning

suggests the sinking of a former outer Atlantic land

— the Atlantis — which was continuous with

America and Africa in part. The Oceanic Island is

the home of the relics of the fauna andTfloi-a of the

continent which once supported the mountain whose

peaks are now mere points in the ocean waste.

MODEEN EXPLOSIVES.

By H. Badex Pritchard, F.C.S., Royal ARSEX.iL, Woolwich.

OLD-FASHIONED people, wdiose acquaintance

with explosives is confined to a knowledge of

gimiwwder, have been startled by the apjsearance

of late years of a whole army of new-fangled com-

pounds, the names of which are alone sufficient

to puzzle any ordinarily constituted mind. Gun-

cotton, nitro - glycerine, dynamite, litho - fracteur,

cotton-powder, tonite, glonoine, dualine, saxafra-

gine, mataziette, glyoxiline, and blasting gelatine

are among the names by which these new explo-

sives have been brought forward ; and to those

little versed in such matters it seems well-nigh

hopeless to attempt to keep pace in one's know-

ledge with a class of compounds that every day

grows more and more extensive. We may know
what gun-cotton is, and have a suspicion how nitro-

glycerine is made, but beyond this, most people do

not go. It appears useless, indeed, to follow the
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science of explosives under such cii'cumstances, for

no sooner can you become acquainted with the

nature and quaUties of one than the moiTOw sees

other and more curiously named compounds spring

into being. Fortunately, as I shall be able to

show in a veiy few words, the difficulty in under-

standing all these modem explosives is more

apparent than real. Theii* names, in fact, are the

only unintelligible part of them. There is no more

mystery about modem explosives than oiu" old friend

^inpowder (p. 91, Vol. II.), though perhaps rather

less of honesty and straightfoi'wardness. It may be

we do not know them quite so well, but at j^resent

there ai'e several of the family that require narrow

watching to prevent mischief and accident.

To remove the masks, then, from the whole

all—which consists of adding to this " gelatine " a

further quantity of gun-cotton, making a sort of

dough, whose desti'uctive properties seem to combine

those of gun-cotton and nitro-glycerine. Glonoine

is simply another name for nitro-glycerine ; and

saxafi-agine and mataziette ai-e aliases for dyna-

mite. So that we really come down to two bodies :

namely, gun-cotton and nitro-glycerine; and these

may, as I have said, be regarded as the same, with

the exception that one is solid and the other

liquid.

Being nitro-compovuids, they are differently con-

stituted to gunpowder, which, as we know, is a

mechanical mixture of charcoal, sulphur, and salt-

petre. But all bum or explode something after

the same fashion. We know how gtuipowder

4 V 5

Fig. 1.—GCS-COTTON A>-D DYKAiJIIE CaRTBIDGES.

), Slow Match for Firing ; 2, Abel Gun-Cotion ; 3, Dynamite Cariridge§; 4, Gun-Cotton Fabric for Sportine Cartridges ; 5, Gun-Cotton Primer, with Detonator
fixed ready for Firing by Electricity.

group of modem explosives, it suffices but to say

that to all intents and purposes they are one and
the same thing. They are "nitro-compounds." Some
are liquid, some are solid, some are pure, some mixed
with materials that favour combustion, some with

materials that retai'd it, but they are all practically

the same. Gun-cotton is a nitro-compound in a

solid form; nitro-glycerine is a nitro-compound in a

liquid form, and of but these two the whole series

I have mentioned consists. Cotton-powder is gun-

cotton reduced to a fine state of division; and tonite

is the same, with the admixtui-e of a nitrate or

similar body; dynamite is clay or other earth

saturated with nitro-glycerine; and litho-fracteur,

roughly speaking, is the same thing, wth a little

saltpetre and sulphur added. Dualine is small

granules of gun-cotton soaked in nitro-glycerine;

and blasting gelatine is not gelatine at all, but
nitro-glycerine in which gun-cotton has been dis-

solved so as to form a sort of jelly. There is a yet

more novel explosive compound—the newest of

90

bums. Charcoal and sulphur, which inflame

readily enough in air, are consumed much faster

if there is an ample supply of oxygen in the

neighbourhood. Tliis supply of oxygen is afforded

by the saltpetre, which is closely incoi-porated with

the sulphui* and charcoal, and hence we get the

rapid combustion that is known by the name of an

explosion. Xitro-compounds have also a large

store of oxygen in their composition to promote

violent conflagration, as we shall see at once bv

follo^\'ing the process of tlieii' manufacture.

We will take the preparation of gun-cotton to

begin with. Schiinbein was the first to manu-
facture gun-cotton in 1846, although the way
to the discovery had been paved some years

beforehand by the production of a substance

analogous to it, in which starch was employed

instead of cotton-wool. Cotton of any description

may be used, or what chemists term cellulose.

Cellulose contains carbon and hydrogen in some
quantity; and while the former remains aft<^r the



330 SCIENCE FOR ALL.

cellulose has been converted into gnn-cotton, it is

not so with the hydrogen, which is abstracted

in the process of conversion, and replaced in the

structui'e by nitrogen. To convert cotton into

gun-cotton, or, as chemists say, cellulose into nitro-

cellulose, we have simply to immerse the cotton

in strong nitric acid. Usually, a mixture of

sidphuric acid and nitric acid is made vise of in

steeping the cotton: the former, which is very

greedy of moisture, absorbing all water, and thus

maintaining the nitric acid at its full strength,

when it does its duty most etficiently. During the

time that the cotton remains in the acid bath three

equivalents of hydrogen are removed by the oxidis-

ing action of the niLric acid, and replaced by three

equivalents of nitric peroxide, thus transforming

the cotton into what is known by the name of tri-

nitro-cellulose. To all aj^pearance, the cotton is

the same when it is withdrawn from the bath as

when it Avas put in, but its constitution has qiiite

changed. It is washed in water to cleanse it

thoroughly from acid, and may then be stored as

it is, or converted into one or other of the com-

pounds we have mentioned

In the manufacture of nitro-glycerine the same

chemical change takes place. In this case you

eflFect the nitrification of a liquid—glycerine. The

explosive is simply prepared by mixing glycerine

with nitric acid, and then permitting the mixture

to drop or fall in a narrow stream into water, when
the nitro-glycerine at once separates. Here also

the oxidising action of the nitric acid has been such

as to remove three equivalents of hydrogen, and to

replace them by equivalents of nitric peroxide; and

liere, too, there is no apparent change in the ap-

pearance of the material. Nitro-glycerine as much
resembles glycerine as gun-cotton does cotton, and

it is only by testing the finished products that they

are found to have undergone a thorough change.

The object, in a woi-d, to be attained in the

prepai'ation of these explosive nitro-compounds is

to secure the proper proportion of oxygen necessary

to develop the maxi7num chemical energy by com-

pletely burning the carbon and hydrogen present.

Neither giui-cotton nor nitro-glycerine, in the

form in which they were first knoAvn to chemists,

were of little value. The reader may remember

to have seen samples of cotton-wool which had

been converted into gun-cotton, and which burned

with the most ungovernable violence. Gun-cotton

wool may even be ignited in contact A\'ith gun-

powder, and yet not set fire to the latter because

of its rapid burning. The military gun-cotton

now made use of is, on the conti-ary, a slow-

burning substance (Fig. 1), and unless strongly con-

fined, will not explode with violence when ignited

by flame or spark. To " tame " gun-cotton in this,

fashion was by no means an easy task, and it was.

only after years of investigation that Prof Abel,.

C.B., the well-known chemist of the War Depart-

ment, succeeded in attaining the desii-ed result.

The military gun-cotton is reduced to a pulp, and
in this form can be more thoi'oughly washed and
freed from acid (the presence of which renders it

I)articularly unstable), while at the same time the

product is easily pressed into any shape afterwards,

that may be desired. A kind of pajnei- mache-

block is produced of gun-cotton, and in this form,

the material may be used for blasting, mining, or

torpedo work without difficulty (Fig. 1). A slab of

this compressed gun-cotton when inflamed, burns

freely, but does not explode, and only under certain

specific conditions will it ignite with violence.

What these conditions are I will presently explain.

Nitro-glycerineowes its application as an explosive

mainly to the exertions of a Swedish chemist, Dr.

Nobel. This gentleman made a very important

discovery in connection with this tenible liquid.

He found out there was no necessity for confining;

it in order to secure a violent explosion. If he could

only secure the explosion of a minute quantity, the

rest went oS" as a matter of course. That is to say,

by causing a tiny exjjlosion in the neighbourhood

of a large charge of nitro-glycerine, he caused the

whole to explode, or rather detonate. A small charge

of fulminate of mercury, for instance, if made use of

for the primary explosion, was sufiicient to deto-

nate any nitro-glycerine around it. The result of

the ex2:)losion, too, was far more violent than that

furnished by the explosion of an equal weight of

the old explosive gunpowder. A pound of nitro-

glycerine when detonated, has been calculated to act

as destructively as four or five pounds of gunpowder,

but the force is so violent that it cannot always be

made use of. Thus in military mining, or for tor-

pedoes, where we desire to develop the most violent

and destructive action, niti'O-glycerineand its kindred

are of the utmost value, but they are useless in

fire-arms. In cannon and rifle we want a com-

paratively slow and weak explosive, and much as

we have already done to modify and adapt the new-

compounds to our use, it has not been possible, so

far, to emjiloy either gun-cotton or nitro-glycerine in

ordnance or small arms. The nearest approach to

a solution of the subject is the construction of car-

tridges from gun-cotton fabric, which are sometimes
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fired from fowling-pieces, and have the advantage of

emitting no smoke (Fig. 1).

Notwithstanding its valuable explosive properties,

Nobel found nitro-glycerine inconvenient for use.

Its liquid form had many drawbacks, and for this

reason he cast about for some means of employing

it in the form of a solid. This was ultimately

accomplished by selecting a spongy kind of clay

known as kieselguhr (" flint-froth," p. 343) and

simply impregnating it with nitro-glycerine. He
got thereby a soft plastic maternal, which was still

very destructive in its action, and which could be

liandled with ease and efiect (Fig. 1). Tlae mass

might be pressed into blast holes, no matter how
jagged and irregular their form, and could be de-

"tonated in the same simple way as nitro-glycerine,

that is, by exploding in contact with it a small

charge of fulminate powder. No wonder, there-

fore, that miners and quarrymen became enamoured

of the new material ; it was plastic, and did not

explode by spark or flame like gunpowder, while

the violent action of the charge was such, that it

required little or no tamping.

Of course a pound of dynamite does not do as

much work as a pound of pure nitro-glycerine, and

this was one reason why further experiments were

made to substitute for the inert mass of clay a body

which would contribute something towards the

•explosion. The pasty material kno^vn as litho-

fracteur, which contains besides a proportion of

clay, such things as saltpetre and sulphur, Avas one of

the results of these experiments, and is a substance

lliat appears to find much favour among Australian

miners ; but, as I have pointed out, all these com-

binations with niti'o-glycerine, no matter what their

name, act very like one another. Frequently they

differ only in name, and their respective value is in

a gi-eat measure dependent upon the character of

work you want them to do.

Returning once more to gun-cotton, as the

material wdiich has been adopted by military

authorities in this countiy to be used whenever

other explosi^'e force is desirable than that obtained

by gunpowder, there is, we shall find, a great deal

to interest us. Our military gun-cotton is the com-

pressed pulp, manufactured on the Abel method,

which is pressed into the form of slabs or discs

about an inch or so in thickness and a pound, or

half a pound, in weight. Tonite and cotton-powder

are also forms of gun-cotton that are made in this

country and have Ijeen successfully used in industrial

and mining work, although but little in connection

with war purj)oses; while nitro-glycerine compounds

again have been received with some favour abroad

by military engineers. But in Great Britain, as I

have said, compressed gun-cotton is the chosen com-

panion of gunpowder.

At first, like gunpowder, we used to confine gun

cotton, Avhen firing, in strong cylinders in order to

develop its full explosive force, and were careful

moreover to maintain the papier-jiiache-like slabs

perfectly dry, in which condition the Abel gun-

cotton, if it is not explosive, is highly inflammable.

Now, however, thanks to the discovery of Mr. E.

O. Brown, another clever war chemist, we are in a

position to keep our vast stores of gun-cotton in a

wet and perfectly uninflammable condition, and can

get it, besides, to do its full amount of work without

having recourse to costly cylinders wherein to con-

fine it. But I must explain matters hei'e a little,

before going further.

The former method of firing gun-cotton was, as

I have said, to place it dry, in a strong envelope,

and explode it by means of a spark or flame. But

it soon turned out that, like nitro-glycerine, gun-

cotton could be detonated. A slab of gun-cotton

Fig. 2.—luch Iron Plate, witli Gun-Cot' on Slab upon it.

(A) Before Firing; (B) After Firing, showing' I'orforation.

placed upon an iron plate was found to explode with

ten-ible violence, if a few grains of fulminate in a

quill tube were put by its side and ignited (Fig. 2).

The destructive action, indeed, was the same as if the

material was nitro-glycerine and not gun-cotton. So

that by simply altering the nature of ignition,

we altered also the explosive effect. In fact, com-

pressed gun-cotton turned out in the end to be (piite

sympathetic in its action ; a slab touched by a red

hot iron or a flame i*esponded only by burning freely,

whereas when ignited by the more violent fulminate,

the gun-cotton retorted with similar vehemence.

This particular feature constitutes a great safe-

guard in dealing with charges of dry gun-cotton,

for so long as the material is not strongly confined,
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and is not in tlie neighbourhood of violent explo-

sives of the nature of fulminate, it is a far less

dangerous substance than gunpowder. A bai'rel

of gunpowder ignited by spark or flame would not

fail to blow down any wall or bari'ier in contact

Avith it, while a package of gun-cotton would have

no such disastrous effect, but simply burn with con-

siderable enei'gy. Only in the event of its being

ignited by detonation would the effect be an

explosive one, and then the result would be many
times greater than that of the gunpowder.

But if dry gun-cotton burns vehemently, wet

giTu-cotton is absolutely uninflammable ; and this

is what we nowadays employ for military and naval

purposes. All our stores of gun-cotton are wet,

and thus, its greater safety compared to gunpowder

is still more marked. While strict watch and wai'd

must ever be kept over a gunpowder magazine, to

prevent spark or flame coming near it, there is no

need whatever for such special precautions in

respect to wet gun-cotton. Again, gunpowder

must be protected as much from damp as from fire,

for it at once loses its valuable properties as soon

as water gets to it. But the adage, " Keep your

powder dry " does not apply to gun-cotton : the

wetter it grows, the more uninflammable and safer

it becomes, while it detonates just as readily whether

it contains thirty or forty per cent, of water or has

absorbed but one or two. You might put out a

^j Electric Wires.

DETONffiJATOE.
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Fig. 3.—Mode of Pax;liing a Gim-Cotton Torpedo.

fire with wet gun-cotton, as you would with a wet

blanket, and yet make use of the same material for

blowing up a citadel. For this reason it has

become invaluable for submarine blasting, and for

torpedoes—piu-poses to Avhich gunpowder, on the

other hand, is little suited.

But, it will be asked, how is it possible that gun-

cotton reeking with water in this fashion can pos-

sibly be exploded. This is Mr. Brown's discovery,

to which I preWously alluded. The detonation of

dry gun-cotton was already an important step, but

it was insignificant compared to the solution of the

second problem. There is no difficulty in deto-

nating dry gun-cotton, in the manner already pointed

out, by means of a quill of fulminate powder;

but as soon as the former has absorbed three or

four per cent, of water, then this small primary

explosion fails to bring about detonation of the

gun-cotton. Some other method of securing

detonation is therefore necessaiy, and this was
opportunely discovered, Li a word, by using an

intermediary between the primary charge of fulmi-

nate and the wet gun-cotton, the result is at once

secured (Fig. 3). The intermediary is a slab of dry

gun-cotton termed a "primer." The fulminate, for

convenience sake, is usually put in a quill tube,

and this quill tube inserted into a hole in the gun-

cotton slab, or primer. The quill of fulminate that

furnishes the primary exi^losion is called a detonator,

and the detonator fixed into the primer or dry gun-

cotton slab causes the latter to exj^lode (Fig. 1).

The 2:»rimer is usually placed in a waterproof bag

to keep it dry, and around it is then placed

the wet gun-cotton charge. This charge may be

of any extent, for so long as some part of it is

in contact with the j^rimer, the requisite con-

ditions ai"e fulfilled. The detonator explodes the

dry gun-cotton primer, and the diy gun-cotton

explodes the wet. So perfectly does the chain of

events follow, that it is possible to improvise a

torpedo out of a potato-net full of wet gun-

cotton ; all that is necessary, before casting the

net into the sea is, to make sure that the primer

and detonator in a little waterproof bag are pro-

perly placed in contact with the wet cotton,

and then the whole may be detonated with all

the force of a modern torpedo.

It matters little how the quill of fulminate, or

detonator, is exploded. In the case of moored

torpedoes, the ignition is generally brought about

by electricity, but a slow match or a quick match

may be employed, as also friction or percussion.

But a detonator is always indispensable, and when

wet gun-cotton is employed, then a primer is also

wanted. As only a very small quantity of material

is necessary for pi-imers, the bulk of gun-cotton
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in this country is kept in a wet, and therefore

very safe, state, for only, as I have shown, in the

event of a detonator and a primer being in

contact with wet gnn-cotton, is the hitter to be

feared.

Its most important application, without doubt, is

in torpedoes and submarine mines. The ten-ible

A-iolence of a large charge of gun-cotton exploded

under water far outrivals that of gunpowder. A
tor^^edo of 450 lbs. of gun-cotton sunk some distance

below the surface, ^vill throw up a cone of water

sixty feet in height, ha\*ing a base of no less than

toq^edo is sent on its way to strike an enemy
below the Avater-line, and as soon as the concussion

takes place a detonator inside operates, which

brings about the explosion of thirty or forty pounds

of gun-cotton, a charge sufficient to blow a hole

through many inches of iron (Fig. -5). Another kind

of torpedo—the spar torpedo—is also charged with

gim-cotton. In this case the weapon is canied in

a swift steam launch, the charge being affixed to a

long spar that protrudes from the bow of the vessel.

The launch runs close under the side of an enemy,

and as it approaches allows the end of the spar, with

Fig. 4.

—

Four Huxdred asd Fifty Polnds of Gux-Cotton Exploding in Forty Feet of Watee.
Height of Column of Wcter, W feet : Breadth at base, 220 feet. (_From a Photogroph.)

two hundred and twenty feet (Fig. 4). ISTo battle-ship,

not even an ironclad, could escape destruction if it

came within the limits of this upheaving of water.

In fact, it has been pretty well proved that a hea\"y

toi"pedo of this kind can strike an ironclad mortally

if exploded within forty feet of the luill, or, in other

words, a cushion of water forty feet in thickness

is not sufficient to prevent the explosive force of

the gun-cotton from blowing in the iron plating on

the sides of a vessel. Gun-cotton is also employed

for charging the automatic fish toi-pedo. Tliis

cigar-shaped implement, measuring twelve or

fourteen feet in length, which, by reason of the

compressed air stored up inside, is capable of

running some twenty miles an hour through the

water for a considerable distance, carries a charge

of compressed gun-cotton in its head. Tlie fish-

the charge of gun-cotton attached, to dip into the

water. Submerged in this manner, it is the object

of those on board the launch to ignite the gim-

cotton as soon as ever it touches the hostile vessel.

By means of alectric wires in connection with the

detonator, this is fired, and explodes the gim-

cotton, which, in all probability, blows in the side

of the enemy.

Gun-cotton also receives important application

by our artilleiy in the form of a water-shell that

has been devised by !Mr. Abel. Tliis shell is

nothing more than a hollow cylinder of iron con-

taining gun-cotton and water. The shell is fired

fi'om a gun in the ordinaiy manner, and at the end

of its journey is made to explode through the

medium of a detonator inside it. The consequence

is a most violent explosion, that scattei-s the shell
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into a tlious:-ind fragments. Tlie gun-cotton

furnishes the explosive force, and the water dis-

tributes that force so equally against all sides of

the shell that it is fractured in every direction.

As it is the object of shell-firing to break up

and scatter the missile as completely as possible,

this end is ensured in its entirety by a charge of

this description, and hence the water-shell has

obtained a murderous reputation equal to tliat of

the dreaded shrapnel.

which cuts down the heaviest timber as cleanly as

with an axe. It merely suffices to place a row of

gun-cotton slabs at the foot of a stockade just

touching one another, or in the case of a stout

tree to string the slabs in the form of necklace and

hang it about the base of the trunk, and on the

firing of a detonator, the explosive force is com-

municated instantly from one slab to another.

The result is a sharp train of fire that levels any

barrier in its vicinity. To show how fast this

A Whitehead Torpedo charged with Gcn-Cottox Striking a Ship.

In military engineering, gun-cotton has also its

place. Not only do our sappers employ the ex-

plosive in levelling old fortifications and clearing

away dangerous or disused structures, but it is

used also for military mining. A crater in the

earth is much more readily formed by a charge of

gun-cotton than gunpowder, and for counter-

mining—or neutralising the mining operations of

an enemy—the newer explosive is also more effi-

cacious. In the removal of rocks, whether on

land or at sea, gunpowder has long been super-

seded, as also for the purpose of blowing up

wreckage or obstructions in a channel or roadstead.

Stockades may be razed to the ground, and trees

felled, without difficulty by compressed gun-cotton,

detonative action travels along a line of gun-cotton

slabs, and therefore how instantly the whole charge

is fired, I may mention that Mr. Abel has cal-

culated that its speed is second only to that of

electricity and light. Detonation along a line of

compressed gun-cotton travels from 17,000 to

19,000 feet in a second, or, in other words, at the

rate of 200 miles in a minute. So that a train of

gini-cotton, reaching from London to Edinburgh,

if ignited in the English metropolis, would com-

municate fire to the terminus in Scotland within

the space of two minutes.

The cavalry pioneer is a modern soldier, who

owes his being to our new explosives. He must

not be confounded with the Prussian I^hlans, that

•*a
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swept the fair land of France in the last war, and

struck terror into the hearts of townsmen and

villagers. The task of the Uhlan was to levy contii-

butions and secure stores ; the cavalry pioneer tears

up rails, cuts bridges, and renders roads impassable.

He is well mounted and lightly armed, and selected

from his brother troopei-s by reason of his pluck and

daring. The cavalry pioneer carries a belt, in which

is packed small charges of gun-cotton or dynamite,

and with these he works his mischief A supply

of slow-match and a few detonators complete his

equipment, and he .should be able to make a dash

same way precisely a telegraph-pole may be cut,

and wires and communications broken, in a hostile

comitry by a couple of fearless riders, who ha^e but

to draw rein for a moment to effect their object.

Light bridges are demolished by the employment

of somewhat heavier charges, and a forest-road

might be considei-ably obstructed by the rapid fell-

ing of trees aci-oss it, by half-a-dozen men amply

supplied with charges. Finally, gun-cotton is to

be used in future for disabling an enemy's guns,

in place of the spike and the armourer's hammer.

A small charge thrust into the mouth of a field-

Fig -Cavalry Pioxeer Exploding a Charge of Go'-Cotton upon a Railway.

of twenty or thirty miles into an enemy's country

without fear of capture. A slab of gun-cotton that

he cames, mei'ely placed upon one of the metals of

a railway, and fii-ed by slow-match and detonator,

suffices to blow away half-a-dozen feet of rail, and thus

render the line unserviceable (Fig. 6). The operation

is very quickly performed by a couple of pioneers,

one of whom dismounts, while the other holds his

hoi-se. The charge is rai:)idly set upon the rail, the

slow-match ignited, and the trooper in his saddle

again within sixty seconds. Before he has galloped

fifty yards the explosion takes place, and mischief

has been done that can be repaired only on the

arrival of proper material and skilled labour. Lender

such circumstances, a daring pioneer might effect

his work almost in sight of the enemv. In the

piece, or simply wired upon the muzzle, suffices on

ignition to break uj) the weapon, or at any rate

so to mutilate it as to render further employment

impossible.

Thus it will be seen that the new explosives have

a distinct role of their own. Gun-cotton, I have

said, has been chosen by the military authorities in

this country from among all these various bodies,

and for this x'eason I have alluded more especially

to it. But some of the nitro-glycerine compounds

have been found to answer the same ])urposes equally

well ; and there are foreign States which prefer to use

dynamite where we in England employ comjiressed

gun-cotton. Indeed, for industrial purposes such

as blasting and quarrying, the plastic character

of dynamite and litho-fracteur is especially useful,
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just as, on the other hand, gun-cotton seems to lend

itself better for certain military operations. The

new explosives are now manufactured in very large

quantities both at home and abroad, and several

hundred tons of them are yearly consumed. In

Great Britain there are two gun-cotton factories,

at Faversham and at Stowmarket, besides the

Government factory at Waltham Abbey • and one

large manufactory of dynamite, and other niti'o-

glycerine prepai'ations, at Ardeer, in Scotland.

On the Continent there are also establishments

where both nitro-glycerine and gun-cotton are

manufactured, the former in very large quantities.

Their employment therefore for military and

industrial purposes has become a very substantial

fact.

For all this, however, neither gun-cotton nor the

nitro-glycerine preparations are likely to supersede

gunpowder. The position of that ancient explosive,

that has served us so well for centuries past, is,

indeed, scarcely affected by the more modern in-

ventions. For fire-arms, rifles as well as heavy

cannon, we must still invoke the aid of " villainous

saltj^etre." We cannot do without it. At the same

time it is equally certain that for particular purposes

our new explosives are far more effective. Where
there is need of great disruptive foi-ce, or where

there is reason to fear the charge will come into

contact with water, or even a moist atmosphere,

gun-cotton and nitro-glycerine are decidedly prefer-

able to gunpowder. In a word, each explosive has

a part of its own to perfonn, and it is for the in-

telligent engineer to select that which fulfils his

purpose the best.

I

THE GRAVEL ON THE GAEDEN PATH.
By B. B. Woodward,

Honorary Librarian to the Geologists' Association.

WITH the return of summer the thoughts of

the suburban householder naturally turn to

his garden. When the flower-beds have been

weeded, and made tidy, and the grass-plot mown
and rolled, fresh gi-avel is strewn on the paths ; its

bright orange-red colour affording to the eye a

pleasant contrast to the fresh yellow-green of the

young grass-blades, and the sombre brown-black

mould on the flower-beds. Gradually the gravel,

by dint of being trodden down and rolled, " binds
"

together, forming a clean dry path, on which to

walk up and down and enjoy the air on a summer's

evening. Here only too probably, the interest of

the householder in it ceases.

Suppose, however, that we direct our steps to the

nearest gravel-heap, or, better still, make our way
to a pit whence it is being dug, somewhere, let us

say, in the western or south-western suburbs of

London—for plenty are to be found there, especially

where houses are building and new streets being

formed.

Here we shall probably find a section somewhat
as follows (Fig. 1). First a foot or so of surface

soil on the top. Then several feet of yellowish-

brown sandy clay, called " brick-earth."
"

This, as

its name denotes, is largely used for brick-making
;

in consequence of which, it is generally cleared off

the land and converted into bricks before any

houses are built on the spot. Below this brick-

earth is the gravel we have come to see, which here

may be as much, per-

haps, as fifteen feet

thick. We cannot see

the base of it, as the

section is not continued

down to the London

clay on which it rests,

the workmen being

obliged to leave two or

more feet at the bottom,

owing to the quantity

of water contained in it.

The jiresence of this

water is due to the rain

that falls on the surface

and soaks through till it comes to the clay below.

Not being able to permeate the clay, the water col-

lects at the bottom of the gravel and filters gradually

down the sloping surface of the clay to the river. By
leaving, therefore, some of the gravel at the bottom,

an efiicient natural drainage results ; so that houses

built on the gravel are, as a rule, drier and healthier

than those on the clay. For some time, too,

the presence of this water at an easily accessible

depth from the surface of the ground, rendered it

available as a source of water-supply for domestic

1.—Section in a Gravel Pit
near London.
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purposes. Hence the reason that tlie oklost centres

of habitation around London are all situated on the

gravel.

At first sight, the gravel in the section seems to

consist of lai"ge and small stones indiscriminately

mixed up together. Here and there are some

seams of sand inclined at various angles, or some-

times in a horizontal position. A species of

arrangement can, however, be made out, when,

aided by these seams of sand, a closer inspection is

made. By noticing the direction in which the

longer axes of the pebbles point, a series of parallel

lines or curves can be traced, abruptly terminated

by another set of lines or curves inclined at a dif-

ferent angle ; these in their turn are terminated by

a third set, and so on.

This kind of ari-angement, known to geologists

as " false bedding," is occasioned by the currents in

the waters beneath which they were deposited,

aided by the tendency pebbles have in a swift

.stream to place themselves in slanting positions,

sloping up in the direction of the current, as shown
in the accomjianying cut (Fig. 2).

On turning in the next place to the stones them-

selves, the advantage of studying them in situ

becomes apparent,

for all the lai-ger

stones, from which

the most is to be

learnt, are sifted

out for road-metal,

the finer gravel, and the sand, with which tlie

whole is mixed up, being alone used for the garden

path.

Nothing can exceed the diversity of shapes and

sizes that these stones assume. Some are worn

smooth, and are round, oval, or pear-shaped; others

are all angles and corners, only the sharp edges

being rubbed off. Others, again, are angular ; but

the corners are considerably rounded, and to these

the expression "sub-angular" is applied. In colour,

likewise, they vary considerably. Some are black,

some nearly white, a few are reddish, but the

majoiity are of a rusty-brown colour, being stained

by the iron which the water, percolating through the

bed, carries with it in solution. By far the greater

number prove, on investigation, to be flints. Of the

rest some few are nearly pure quartz, and a good

many are " quartzites," or " quartzose sandstones."

These two last terms are given to rocks composed

of small grains of quartz (i.e., sand) that have

either been fused together by heat, or cemented by
silica de))osited from water. If the grains are

91

Jig. 2.—Showiug the Position assumed
by Pebbles in a Swift Stream.

loosely connected, it will be a " quartzose sand-

•stone," if closely agglutinated, a "quartzite," or, if

very compact indeed, a " quartz-rock."

The questions that then naturally arise to one's

mind, are—How are we to account for the presence

of the many and various pebbles in this spot?

Where did they come from 1 How did they get

here 1

The solution of these problems necessitates a

temporary adjournment from the gravel-pit, to the

side of some little stream, running, let us say,

through a limestone country, where the water has

cut a glen, or small valley of its own in the lime-

stone, and goes rushing over its rocky bed at the

bottom, between the steep banks capped with low

cliffs.

Here, if we have read to any purpose the papers

that have already appeared in these pages about

" Hills, Dales, and Valleys,"* and about " Rivers,

and their "W"ork,"t we shall be able to understand

what is going on around us, and its bearing on the

subject in hand.

On every side the agents of denudation there

spoken of are busy plying their work in this quiet

nook. The steep slopes on either side are strewn

over with the blocks of limestone, large and small,

which the rains and frosts have detached from the

cliffs above, and which lie slowly crumbling to

pieces. Some of these blocks have fallen into the

stream, and are there being gradually worn down
smaller and smaller. This is effected in two ways •

mechanically, by rubbing the pieces together so

that they grind each other down ; and chemically,

since the water, or rather the acid in the water,

dis.solves the lime.stone, and carries it off piecemeal

in solution.

The first-named process especially takes place in

times of flood, after heavy rains, when the swollen

stream acquires sitfficient force to roll pieces even

of a considerable size down with it, towards the

sea, grinding them together.

As we proceed down the valley, it widens out

;

the limestone cliffs receding on either side, till the

newly fallen rocks no longer reach our original

stream, and the duty of their transportation de-

volves on the numerous small tributary rivulets

that now join it on either liand. Still proceeding

downwards, the pebbles dwindling in size as we go,

our stream is at length joined by another one of

its own size. In this we find tliat the pebbles are

of quite a different kind. Insteatl of limestone we
meet everywhere with sandstone, and were we to

* Vol. I., p. 116. t Ih., p. 208.
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trace this stream wp to its source, we should find

the same process going on there as we noticed in

our original one, merely substituting sandstone for

limestone. There is another difference, however,

of which notice shoiild be taken. Whereas in our

limestone stream^ there was a dearth of sand, and

only hei'e and there in the deeper hollows a little

reddish mud was lurking, the bed of our new

stream shows a great deal of sand mixed with the

stones at the bottom. Sandstone is much less

easily worn down than limestone, nor can the water

dissolve the fonner and carry it off in solution as it

can the latter, so that the small pieces of sandstone

that are knocked off remain behind, and are gradu-

ally ground down into sand. Following these

united streams in their seaward course, we observe

how the two sorts of pebbles get intermingled, and

on the whole dwindle in size, especially the lime-

stones, whilst sand and mud become more plentiful.

A third stream soon joins them, containing, likely

enough, yet other pebbles, and the whole process is

again repeated ] the stones being slowly swept

down the valley till the lower gi-ound is reached,

and the river becomes too sluggish to transport

them farther.

Another important agent in moving stones doA\ai

stream is ice. When the streams are frozen over,

the pebbles near the banks frequently get embedded

in the ice, which on breaking up floats down the

stream, dropping its burden as it melts.

These pebbles, or gravel, as they would collec-

tively be called, together with the sand and mud
that we have been watching in their progress

down the stream, are nothing more than the chips

and sha-s'ings, so to speak, on the floor of Nature's

great workshop, where she is bxisily employed in

slowly, but surely, remodelling and altering the

hills, dales, and valleys, around us. Not that they

are wasted : she wastes nothing. The gi-eater paii

of them, as we have already leai*nt,* ultimately

find their way to the sea, there to be spread out

on the bottom and made into new land I'eady for

use when the present shall be woni out.

Such being the case, can we attribute a like

origin to the stones in our gravel-pit ? can we show

that they are derived from the ditt'erent strata over

which the Thames flows ? were they brought here

by that river 1 and if so, why are they so far re-

moved from its influence 1

The beds ai'ound London consist of sands, clays,

l)ebble-beds, or gravel, and chalk. The ideal quariy

we visited some little time backt is a soi-t of

* "Science for All," Vol. I., p. 118. f Vol. I., p. 05.

diagrammatic epitome of these beds, which, with

the exception of the two top ones, i and k, contain,

as we saw, few hard materials save flints. It is,

therefore, easy to understand that a stream running

over rocks such as these would speedily wash away
the softer materials and carry them off to sea,,

leaving only the obdurate flints behind in the

valley. Flints, moreover, being amongst the

hardest of stones, are not easily worn down, nor

can they be dissolved by the water ; consequently,

if they are derived from the strata around they

ought to be readily recognised by any such pecu-

liarities of form, &c., as they exhibited in their

parent beds. That such is actually the case you

may readily see for yourself.

The smooth round black pebbles can surely have

come only from one of the old sea-beaches, either

bed d or (/. The most angular forms, but slightly

stained with iron, were probably obtained directly

from the chalk. 1 The sub-angular varieties may
be traced either to the " drift " beds (i and k) or to

the gravel beds ovei-lying the London clay, and not

shown in the quarry ; but of these more anon.

CarefiU search will almost certainly result in the

discovery of one of the gi-een-coated flints from bed

b. The qiiartzites, witli a few exceptions, come
from the drift beds, whither they were brought

from long distances far north. They boast a much
more ancient pedigi-ee than the flints. Toi-n from

their parent rocks, they were rolled and rounded on

some old sea-shore in Triassic times, § wei-e co\-ered

by other deposits himdreds of feet thick ; were

consolidated together, upheaved and brought to

light again, to become once more the victims of

denuding agencies, that finally in the shape of ice

transported them to the Tliames Valley, and left

them with other debris in the glacial series.

Whilst these far-travelled quartzites are abun-

dant in our gravel, any fragments of the oolitic

limestones that form the iipper part of the basin of

the Thames are • rarely to be met Avith, the water

dissolving them apparently long before they reach

thus far down the river.

To enumerate all the stones in the gravel, and to

sketch their history, is not our intention. It is

sufficient for oiir jjurpose to show, by quoting the

commoner ones, that our surmise as to their origin

is correct.

Were any further proof wanted that these stones

X Of course all the flints weie ori<iin(iIhi ileriveil from the

chalk. IMany interesting examples of chalk fossils—sponges,

casts of sea urchins, &c.—may be obtained in a gravel-pit.

§ See Frontispiech to " Science for .Vll,'" Vol. I.
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were brouglit here by the river, it would be

furnished by the shells of fresh-water molluscs,

specifically identical with those now living in the

Thames, which have been found in places amongst

the gravel.

In places, too, the bones of the animals that

roamed on its banks have been dug up. Tlie

mammoth or hairy elephant, the hairy rhino-

ceros, the reindeer, the musk ox, were among

the winter visitants, their places in the summer
•season being taken by another elephant, the wild

horse, lion, bear, hyaena, and even the hippo-

j)otamus. Remains of the last-named animal have

loeen foiuid as far north even as Yorkshire.*

That man was present also, the stone implements

•of his manufacture attest.

In the older beds of gravel these consist of rudely-

•chipped flints ; but in the newer beds the stone

axes, " celts " as they are sometimes called, made out

of hard volcanic rocks by the laborious process of

grinding one stone against another, clearly show an

advance in civilisation. These implements, pre-

valent in most river gi-avels, and in many caverns,

are of the same types as those found in the Danish

kitchen middens,t

Having established the point that this gravel

was brought hither by the river, we must now

by gravels each at a difierent level one below the

other, like steps in a staircase. These steps or

terraces are the result of the erosive action of the

river working in two ways,—firstly in a vertical

direction downwards, deepening the valley, and

secondly in a horizontal direction, cutting laterally

into the sides of the valley as it zigzags across it.

This last method will be best explained by referring

to the annexed diagram (Fig. 3).

Fig. 3.—Showing bow a River gradually shifts its Bed.

The current of the stream (shown by the arrows)

striking against the banks at the points marked

a, «, a, gradually wears them away whilst a corre-

sponding silting up goes on at the opposite points

marked h, h, h. Where the river, meeting with some

obstruction, takes a large sweeji and winds back again

upon itself, as at the point A, a new channel will in

course of time be formed there, the old one at b

will be silted up, and after a time the river would

Fig. i.—Diagrammatic Section Across a River Valley to show the Formation of Terraces of Gravel
AT THE Sides of the Valley.

•endeavour to ascertain why the river no longer

flows over this spot. A glance at a geological map
will soon show that the gravel in our pit is part

of a continuous layer stretching from the rivei''s

mouth up to Maidenhead, and extending for a

gi'eater or less distance inland from either bank.

Furthermore, if the map show the contour Imes,

that is to say, lines formed by joining together all

the points on the surfiice of the ground that are the

same height (generally 10 ft., 20 ft.. Arc.) above

high-water mai-k, the fact becomes apparent that

these gravels are at diff'erent heights above the

level of the river. Thus Wimbledon Common,
Clapham Common, and Barnes Common are covered

* See " Science for ^Ul," Vol, I., p. 288. f Vol. II., p. 102.

occupy somewhat the position indicated by the

dotted lines. And so on.

Bearing this double erosive action in mind, it

follows that as the valley gets deeper and deeper,

so the river flows at successively lower and lower

levels, and in its meandering course cuts back the

very beds of gravel it had formerly deposited.

Thus in Fig. 4, which represents a diagrammatic

section across a river valley, the river at first flows

at the level indicated by the dotted line a, strewing

its course with gravel and sand. Gradual!}' it cuts

its way down to the level marked h, and working

tlu'ough its old gravel beds, leaves only the patches

w, w', on either side of its valley. Still cutting its

way down, the lower levels, c and d, are successively
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reached, and tlie same phenomena repeated (x, y).

A series of tei'races, oi', more generally, patches of

gravel, are thus left behind one above the other on

the slope of the valley. The closer the river ran to

its base, the steeper the terrace became. These

terraces are, of course, not continuous all along the

river-valley ; nor are they always to be found one

above another in close proximity, as represented on

the right hand of our diagram ; sometimes one out

of the series iu a river-valley will be wanting at a

given spot, sometimes another. Frequently, too,

some of them will merge into each other and form a

continuous layer, as shown on the left-hand side of

our diagram (w', x', y'). Though originally deposited

beneath the water, these terraces are now left higli

above it, and it is in just such an old terrace of

gravel that our pit has been dug.

The In-ick-earth on the top is a tranquil water

deposit, and was laid down when the water no

longer covered the gravel save in times of flood.

The swollen river overflowed its banks, spread

over the flats around, and on returning left a

coating of sandy mud behind, in precisely the same

manner as it now, after a season of heavy rain,

floods the low-lying lands on either bank, leaving

on its departure a layer, a few inches thick, of

unsavoury black mud.

At the time when these old gravels were deposited,

the land doubtless stood at a higher elevation above

the sea ; the climate was colder ; the rainfall greater,

and consequently the river far larger, more powerful

and more liable to floods than at the present day.

Since—-as we trust is by this time clearly shown

—there exists so close a relationship between the

stones of a river gravel and the rocks over which

that ii\er flows, and in which it has cut its valley,

it follo"\\'s that whilst, on the one hand, a knowledge

of the diffei*ent kinds of rock present in any given

catchment basin will enable one to judge pretty

acciu'ately what the nature of the river gravels will

be, an inspection of the gravel-beds of a river will,

on the other hand, furnish a tolerable clue to the

kinds of rock one may expect to find in the area it

drains.

In those districts where minei-al veins are plenti-

ful, fragments of the ores, if not liable to decom-

position in water, will be obtained from the beds of

the sti'eams.

A familiar instance of this is to be met with in

Cornwall, where the gullies and water-courses

abound in places with what is known as " stream-

tin "—that is to say, pieces of tin-ore. These rolled

fragments can readily be traced to the veins of that

metal in the rocks through which the stream has

cut its way. Numerous stream-tin works huve

been established in the county for Avashing the

gravels and picking out the pieces of ore. The
process is less expensive than mining or quarrying

the " lodes," and the results are generally most

satisfactory to the fortunate owner.

Tin being pretty widely distiibuted over the

world, it is frequently found in the alluvial soils

of livers, and new works are constantly being-

started in different quarters of the globe. One of

the latest recorded is in the Malay Peninsula.

Nine-tenths of the gold of the world, we are told

(p. 73), is obtained by washing the alluvial soils of

rivers (the " drift " of the gold-digger, and not to be

confounded with the " drift " of the geologist).

" Weathered " out of the quartz-reefs, the little bits

of gold were washed down the valley by the stream

and dropped in its channel as the velocity of the

current abated. Proportionately heavier than the

rest of the detritus with which it was associated, it

sank soonest, and is therefore found more abun-

dantly at the base of the " drift " and next to the-

" bottom rock."

Iron is present in nearly all gravels in the form

of oxide of iron—iron-rust—staining the pebbles,

and sometimes cementing the stones and sand

into hard masses.

Precious stones are likewise largely obtained

from river gravels. Sapphires and diamonds are

found associated with the stream-tin in the river-

valleys of New South Wales. The diamond is

commonly met with in the auriferous " drifts " in

Russia, Brazil, and Australia, as well as in the

rivei'-gravels of South Africa. Isolated and rolled

crystals of the ruby are present in the river-beds of

Ceylon and Siam. The less precious agates, in all

their varieties, such as carnelian, chalcedony, onyx,

&c., are extremely abundant in many river channels

where the stream runs through a district in which

volcanic rocks are present. So likewise are their

close relations, the jaspers.

Hitherto we have spoken only of gravels that

have been formed in fresh water, but large deposits

both have been, and are forming at the present

day on the coast and luider the sea. The fragments

of which they are in this case composed, being-

derived from tlie neighbouiing cliffs, and ground

down by the waves on the beach. The softer

materials are carried out to sea, and deposited as

mud in deep water. Next in order, proceeding

shorewards come the sands, which are the result of

the attrition of the gravel, then the shingle, and
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finally the beach. The gi'adual transition from the

coavse debris on the beach down to the sand at

low water mark is often very prettily displayed,

as for instance at Freshwater Bay, in the Isle of

Wight, where it is impossible to tell when one ends

and the other begins.

^Marine jjebble beds in coui-se of formation at the

present day ai'e usually termed " shingle " in dis-

tinction to the fresh-water gi-avel ; but geologists

apply the name " gi-avel " to both indiscx'iminately,

when they occur in the geological series. Thus

this term is api)lied to those beds of pebbles and

sand in the glacial drifts that are spread over the

greater part of England to a depth in places of more

than 40 ft., and which, as ^ve have already shown
(Vol. I., p. 69), were deposited under marine

conditions.

Another old marine gi-avel of earlier date is that

from which many, if not most of the sub-angxdar

Hints in our gravel-pit came. Its position is

directly above the London clay, and patches of it

are to be seen on the tops of the hills at Hamp-
stead, at Hari'ow, at places in Essex, and capping

the high ground near Aldershot and Bagshot, from

which latter place it takes its name. The position

of these isolated patches shows that it formerly

spread over the greater part of the Tliames Valley

below Reading. As these beds were of consider-

able thickness, and the traces left of them are

small indeed, compai-ed to the quantity worn
away, the amount of denudation through which

they have passed must have been enormous.

Below the London clay, again, there are some

more marine pebble, or gi-avel beds. Two are repre-

sented in the quarry section (d and r/). Of this age,

also, is the well-known Hertfordshire pudding-stone,

ill which the sand and stones liaA'e become so firmly

cemented together, that when struck with a hammer
it breaks in pieces through pebbles and all, as

though it were one solid mass. A rock of this

description is in geological parlance called a

" conglomerate ;
" were the pebbles angular instead

of round, it would be a " breccia."

As we run our eye down the succeeding .strata in

the geological table, " conglomerates" and "breccias"

come in ever and anon ; but the oldest yet known
are those lately described in the Precambrian rocks

of South Wales.

Just as the stones in the fresh-water gravels

furnish a clue to the rocks in the river basin, so

the pebbles in the marine ones give a hint as to the

l>robable nature of the coast-line whence they were

derived, and the student of past changes on the

surface of the globe looks to the old pebble-beds,

conglomerates, and breccias for aid in reconsti'ucting

as nearly as may be the distribution of land and

sea that obtained at the different periods of the

world's history.

Both conditions of formation are of interest to

all intelligent people, inasmuch as they evince the

gi'adual way in which changes in the shape of the

land proceed or evolve, so to speak, under our

very eyes. Both tell the same story concerning the

economy of Nature, and the indestiaictibility of

matter ; deposition and reconstruction going on in

one spot, simultaneously and in proportion to the

amount of waste and denudation that takes place

at another.

A PEAT-BOG.

Bv T. Ri-PERT Jones, F.R.S., F.G.S., etc.,

Professor of Geology, Staff College, Sandhurst.

PEATBOGS, peat-mosses, turf-moors, and tur-

baries, are flat marshy areas in which a long-

continued growth of water-jilants has formed a

rotten mass of soft black material, having a

generally level surface, with or without green

vegetation. They are met with in many countries,

mostly in the temperate and sub-arctic zones, but

some in warmer latitudes, as the "Dismal Swamp"
in Virginia and North Carolina. Within the tropics

decomposition goes on too quickly to allow of the

accumulation of successive generations of plants.

When cut into, in the process of digging peat,

such a bog or moss as we meet with so extensively

in Ireland, for instance, is seen to consist of—(1)

An uppermost brownish layer of roots and fibres,

light and loose in texture, easily dug out in square

sods, and soon dried in the air as " turf " for fuel

;

(2) below this is a moister, denser, and blacker mass

of decomposed plants, somewhat like rotten wood,

but still fibrous enough to hold together when dug

out with the peat-spades, in long square clods

(" long squares "), to be stacked and dried ; and



342 SCIENCE FOR ALL.

this passes downwards into (3) either a hard,

hituminoiis, coal - like peat, or into a black

sludge, Avhich, after having been scooped out

and dried on the ground, can be cross-cut into

cubical blocks fit for burning. The several beds

vary among themselves, and in different places,

from a few inches to ten or more feet in thickness.

The brownness of the turf, and the blackness of the

peat, are due, we may note, to the changes which

the woody matters of trees and herbage have under-

gone towards the stage of bituminisation, or, as the

chemist would say, production of hydro-carbons.

The whole lies on an impervious layer of either

shell-marl or clay; sometimes with iron oxide (bog-

iron-oi'e or limonite) in large quantities. These

deposits, fi'om water first occupying the hollow area,

filled up the pores and crevices of the bed-i'ock,

whatever that may be, and thus "puddled" the

bottom, making it water-tight.

To revert to the peat—the nature and thickness

of the several layers above desciibed, and the

quality of the peat, vaiy according to the differences

in climate and drainage of the places where

the bogs have been formed, the various plants

natural to the difi'erent localities, and the amount

and kind of alluvial matters deposited among the

aqiiatic plants, whether dead or alive.

The surface of a bog may be green with living

moss, sedge, reeds, gi-asses, horse-tails, and other

plants ; it may have the blackness of the decayed

vegetable mass beneath ; it may be brown where

tux-fy and dried (sometimes grey and tow-like

when composed of dry, dead bog-moss), or various

patches of green, black, and brown may form the

surface.

The black uncovered mud is impassable over Avide

areas in many peat-swamps. Elsewhere a thin

tough crust of fibrous roots and creeping stems of

plants—either living, as in the bright green Irish

" scraws," or dead, but not yet rotten, as in brown

turf—covers the soft black mud, and just bears a

.swift runner over the quaking bog.

Tufted lumps of vegetation, in many parts, give

a foothold to the bog-trotter, while more continuous

growths of matted plants afford tortuous paths to

the half-wild pony of the turf-cutter, as formerly to

the reckless moss-trooper.

Elsewhere the bogs present a broad, brown level

of thick, tough turf, which can be walked on, and

shot over with dog and gun, in search of snipe and

other birds frequenting the moister portions, ponds,

and watercourses. Sometimes the " turf " is eight

or ten feet thick, but often it thins out to a few

inches, and then the venturesome sportsman sinks

suddenly to his armpits.

An Alpine bog has the following history :—

A

mountain lake is formed when the flow of water

gathered from mist, rain, and snow, is gradually

intercepted by the hardy moss and stunted herbage,

or more suddenly checked high up in a valley Ijy

gravel heaped by storm-waters in the gorge. Some-

times a lake is formed by the moraine of a spent

glacier, acting as a dam. When the Avater of this

upland lake has reached its limit of detention, it is

gradually encroached upon by the water sword-

flag (lobelia dortmanna), some floating riband-worts

(sparganium natans), and straggling dwar-fs of lake-

rush (scirpus lacustris), all tending to displace the

water until in time a bog supplants tlie lake. In

the lowlands, with warmer valleys, the marshy

lakes have a far greater vai'iety of aquatic plants.

Thus on the borders of our streams or shallow

lakes (and even in the side-diggings of railway and

such-like i)onds) we find among the rank vegeta-

tion, adding largely by rotted leaves, stems, and

roots to the black mud of the encroaching margins,

the following plants : — Bur-reed (sparganium),

reed - mace (typha), bog-rush (schcenus), rush

(scirpus), sedge (cyperus and trasus), club-rush

(elseocharis), grass-rush (carex), beak-rush (rhyn-

chospora), reed (arundo), water meadow-grass (poa),

water sweet-grass (catabrosia), reed-grass (calama-

grostis), sweet-flag (acorus), toad-grass (j uncus),

yellow flag or " seggs" (iiis), arrow-head (sagittaria),

water-plantain (alisma), water-gladiole (butumus),

peachwort (persicaria), Avater-violet or bog-feather-

foil (hottonia), buck-bean (menyanthes), forget-me-

not (myosotis), water swoixl-flag (lobelia), Avater-

parsnip (slum), cowbane (cicuta), Avater-dropAvort

(cenanthe), Avater-hemlock (phellandrium), Avatei'-

cress (nasturtium), ci'OAvfoot and marsh-marigold

(ranunculus). Of the ferns that groAv on Avater-

margins, blechnum and osmunda, hard and royal

ferns, are Avith us the most notable ; and one of

the thread-mosses (bryum) flourishes there also.

Important adjuncts to these, freely invading the

Avater in some places, are the creeping club-moss

(lycopotlium), and the bog-moss (sphagnum) ; Avhilst

the needly hairy-mouth moss (trichostomum), the

river bristle-moss (orthotrichum),and the Avater-moss

(fontmalis), live in the water itself. Other plants,

bending to the surface of the Avater, stretch off

from land, such as some kinds of riband -wort

(patanarium) and smooth-rush (isolepis), the flute-

grass (glyceria), floating-rush (juncus), and the

floating feather-moss (hypnum).
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In the water floimsh the pepper-grass (pihilaria),

liorse-tail (equisetum), stone-Avoi-t (cliara and nitelhi),

pond-weed (zannichellia), river-weed (potamogetou),

frogbit (hydrocharis), vallisneria in warm climates,

pontederia and anacliaris in America, water-soldier

(statiotes), hom-woi-t (ceratophyllum), water-rail-

foil (myriophyllum), yellow and white water-

lilies (nuphar and nyniph^ea), water - crowfoot

(batrachium), and duck-weed (lemna).

These accumulate vegetable matter in a rotting

mass, and form " submerged " peat, or that at the

bottom of the water.

Of the plants ah'eady mentioned, some, such as

the ri^ei'-weed, fi'Ogbit, Avater-crowfoot, and duck-

weed, float on the surface, and freely aid the

marginal water -weeds in forming turfy rafts,

floating, perhaps quite free, on some lakes, but

rarely safe for human footstep. Thickened and

covered by further growths, and at length over-

Aveighted, or enveloped by flood-mud, they .sink to

the bottom, and help to make the " submerged"

peat.

The minute but innumerable plants of simple

structure, which live everywhere in both running

and standing watei's, add considerably to the peat

mass. Besides the microscopic desmidiaceaj, there

are many families of the confei'voidete, seen in

floating, flocculent, gi-eenish clouds of delicate silky

filaments, outspread or interwoven, until they have

passed theu* season, and sunk among the ruins of

the larger water-plants.

Tlie allied and associated miniite diatomacere,

with their microscoi)ic shields, valves, frustules, or

testules of pure silica, of exquisite form and sym-

metiy, accumulate layei-s on the mud, or adhere to

stems and leaves, or live amongst the confervoid

filaments. In such waters a,s are favourable to

them, the diatoms so abound that their imperish-

able frustules form a white meal-like deposit knoAvn

as tripoli. polishing slate (polier-schiefer), mountain-

meal (berg-mehl), flint-froth (kieselguhr), "Lord
Eoden's polishing - powder," &c., and formerly

" infusorial earth," until it was discovered that

diatomaceje are really plants and not infusoria.

The peaty mass accumulated by these aquatic

plants, and just rising aljove the inundation-level,

becomes an " emerged " peat-moss, and gets its own
particular set of plants as soon as the surface is

free enough from superfluous water for those that

require only a wet soil for their roots (so, also, in

the early stage of a bog on a heath or hill-side,

before it sto])S water enough for the purely aquatic

plants). On these bogs, and adding to their turfy

surface in many places, flourish the mud and marsh

vaiieties of horsetail (equisetum), marsh bent-grass

(vilfa), marsh silk-gra.ss (ajiei'a), pipewort (erio-

caulon), rush (juncus), bastard asphodel (abama),

Scotch asphodel (tofleldia), marsh-rush (chsetospoi'a),

bog -rush (schoenus), rush (.sciijius), hai-e's-taU

(trichophorum), cotton-gi-ass (eriophonim), scheuch-

zeria, marsh - lousewort (pediculaiia), and the

insect-catching sundew (drosera). Several mosses,

as fork-moss (dicranum), feather-moss (hypnum),

hair-moss (polytrichum), and jungermannia, also

afiect these moist surfaces, and add to their spongi-

ness. Still more efiective are other feather-mos.ses

with the bog -mosses (sphagnum), gland -moss

(splachnum), grey marsh-moss (bai'tramia), and

some thread-mosses (bryum).

The marsh-cistus (andromeda), cranbemy or

marsh-wort (oxycoccus), bog-myrtle (myrica), and

the gi'ey heath (erica cinerea) soon succeed ; and

the ground gets firmer and higher with the increase

of fibrous peat or turf. Then willows (salix), with

the birch (betula), alder (alnus), buckthorn (rham-

nus), and occasional pines (pinus sylvestris), are the

fii-st to commence a forest-groA\-th on what was not

long ago a bog or a lake. The larger trees, how-

ever, swamped by floods, or by their own weight,

and often easily blown down, are soon buried in

the mossy soil, and add miich to the peaty mass

below.

The difierent kinds of j^eat have been variously

classified, according to their composition, place of

gi-owth, and order of growth. There is (1) the

suhmenjed or under-water peat on the floor of

the lake or pond ; and (2) the emerged peat rising

above the water-line. There ai-e (1) dead and

dying plants and fallen timber changing into jjeat, (2)

real peat either fibrous or homogeneous ; and either

pure, as on mountains, or impure with mud or sand,

as in many low plains, and then sometimes only

half-peats. Some observers note the following kinds

of peat: (1) Mo.ss-turf, of sphagnum chiefly; (2)

Grass-turf or meadow-turf, with rush and sedge

(cyperacese)
; (3) Heath-turf or highmoor-turf,

characterised by heath and heather
; (4) Leaf-tui'f

or forest-turf, made of fir-needles, and other leaves

of trees
; (5) Marine peat of seaweeds (algae).

Another gi'ouping is—mountain-peat, marshqjeat,

lake-peat, forest-i)eat (not quite the same as the

forest-turf above mentioned), and marine peat.

For our present intention it will be convenient to

classify these bogs or mosses, occurring under so

many difierent conditions, and with special charac-

tei-s in different kinds of localities, as follows :

—
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I Peat-bo^s and turf-moors on such plateaux as and ponds to lakes, and from marslies and fens to

flat mountain-tops and ^vide liill-moors. IL Peat- bogs, is found wherever the ground, being flat

bocrs of valleys : (1) At the heads of the valleys ; and impervious, can hold water on its surface.

Fig. ].—Peat-bog of Mousiain Side. (From a Sketch ly C. Cooper King.)

(2) at the salient angles within river-curves; (3) L Turf-moors and heath-tui-f.-In mountainous

in deserted bends of rivers
; (4) in plains and lakes regions and other high grounds with broad flats,

of expanded valleys
; (5) river-deltas

; (6) maritime whether floored with rock, or consistmg of an

Fig:. 2.—Peat of EiViR Be.sds and Delta. (From a Sketch hj C. Cuojier King.)

peat-marshes, where certain valleys and plains expanse of sand and gravel more or less cemented

(which are but broad valleys) open to the sea. with iron-oxide or other materials, there are wide

We mus^ vemember, however, that, on both hollows retaining the rain-water ; and the persistent

plateaux and plains, every gradation from puddles moisture favours the growth of water-loving plants,
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from the lowly hydropliytes, liverworts (hepaticaj),

and mosses, to the more highly organised rush, sedge,

gi-ass, heath, ic. The fibrous peat or turf thus

formed is common on high "heaths" and "moors;"

and a large portion of mountainous countries, like

limestone, forming dry land. Its peat has an

average depth of twenty-five feet.

II. Among the mountains of the British Isles, of

Scandinavia, of Germany, and Switzerland, bog-moss

and its associates have filled many hollows and

Fig. 3.—Peat of Silted Valley. (From a Sketch by C. Cooper King.)

Scotland, for instance, is covered with such turf,

which passes into true peat in the deeper hollows of

the surface.

Some broad level highlands are always wet with

pools and shallow lakes, the hollows having no free

drainage ; and thus moss-bogs are formed, often of

wide extent, as on the broad limestone plains in Ire-

land, above and at the heads of the vallev-drainage.

valleys (see above, page 342) with decaying stems

and roots below, and a green deceptive sward-like

surface above the water-line (Fig. 1). The overflow

of these wet spongy accumulations supplies the

bi'own streamlets of the mountain-side. The gi-ow-

ing sphagnum will long detain and hold up a vast

quantity of water above a horizontal line, by capil-

lary attraction ; but ultimately, the limit of its

Fig. 4.—JlARiTiJiE Marsh ; Fenla.>-d. {From a Sketch hy C. Cooper Kinf).)

The Bog of Allen, occupying 230,.500 acres, 250

feet above the sea, in King's County and Co.

Kildare, partakes of this character. This morass

rests on marl, clay, and limestone gi'avel, and is

divided into several sejiarate bogs by ridges of

92

imprisonment being attained, the liquid black mud
of the bog bursts its bonds and inundates the lower

grounds with wide-spread fetid desolation. Some-

times the swollen bog is naturally or artificially

drained, and a gi-eat central depression oflers
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cultivatable land, requiring, however, much care

and manure to make it fertile. Chat ]\Ioss, on a

northern tributary of the JMer.sey, in Lancashire, is

a large morass Avhicli has been traversed by a canal,

crossed by the [Manchester and Liverpool Railway,

and drained and cultivated successfully, at great

expense.

Rivers follow greater or less curves in their

course, according to their slope, the volume and

rapidity of the sti'eam, and the various obstructions

met with. In making these curves the river eats

away the steep and hollow cliffs against which

it rushes, and leaves a projecting angle on the

opposite bank, where the current is weakened and

even turned back a little. Here, then, mud and

sand ai'e deposited, and form a tongue of marsh-

land (Fig. 2). Marsh-plants find a home here;

and they aid and even surpass the earthy materials

in displacing the shallow water. Thus equisetum,

iris, arundo, carices, and others, flourish and fade,

with the regular alternation of the seasons, and con-

stitute a submerged peat. In time their black

muddy residue so nearly touches the water-line that

sphagnum and its allies succeed, and raise the decay-

ing vegetable mass still higher ; and thus an emerged

peat-bog presents its deceitful surface of verdure.

Wllen the " bends " of a serpentine river become

excessive, almost circular, the neck of land between

the two limbs of the curve, at its beginning and end,

is cut through ; and the curved portion, bend, or arc,

deserted by the main stream, is gradually silted up.

The flood-mud of wet seasons, and ultimately aquatic

plants, raise its bed ; whilst from the banks grasses,

sedges, and the usual marsh plants encroach steadily

on its muddy shallows, until sphagnum, horse-

tail, or other peat-2:)lants, cover the black bog, wholly

or in part, with a soft green carpet. The cane-brakes

and cedar-swamps of the Mississippi are examples

of these peat-bogs.

Enormous gorges, eaten out by water and ice,

along cracks in the earth's rocky crust, far back in

geologic times, and then choked up with the stones

and mud of glacial moraines and torrential wreck

of mountains, until broad plains of gravel and sand

were formed, have received their last deposits of

alluvial loams by the quiet action of existing rivers.

Hence sometimes gi'assy prairies or wide forests;

but often broad swampy flats, varied with desolate

]ieat-bogs, rank cane-brakes, or sedgy moors, all

characterised by the dead level of the former water-

line (Fig. 3). According to the various conditions of

the meandering ri\ers, fresh-fed lakes, and stagnant

marshes m the broad vallev, vegetable matter.

derived from the plants j^eculiar to the situation,

will accumulate in hollow places and form peat,

rising with its turfy texture somewhat above the

water-level. Freshets of rain-water, or snow-water,

casually spreading sand and gravel over the boggy

margins and the back-waters ("jeels," "slakes,"'

ic.) of the rivers, raise barren wastes for a time,

until these weigh down the mud below, and be-

come coated with a new peat-moss. So also will a

wide extent of bog have deeper water on it for a

time, and, ceasing to grow its usual water-weeds,

become the floor of a clear lake, inhabited by fresh-

Avater snails and mussels (limniBa, j^aludina, cyclas,

anodon, ifec), and lime-bearing water-plants (chara),

until successive generations have left thick layers

of white marl or "malm." Then, silted up to a

fit shallowness again, the lake is choked with

aquatic vegetation, excepting the current-course

of its feeding stream, and i-enews the asj^ect of

a peat-bog. A morass as long as England extends

from the fifty-second parallel of latitude along the

course of the Prepit, an affluent of the Dnieper.

Sometimes flooded rivers inundate neighbouring

forests, and leave them swamped, to die and rot,

with the spongy bog-moss creeping up among their

prostrate trunks and branches, until it raises its

water-laden mass of rotting fibres and false green

mask above the ancient forest-land.

The great antiquity of some peat-mosses is shown

by the siiccession of dead forests one over the

other, and separated by thick jjeat-beds, indicating

successive sinkings of the over-loaded surface, and

its renewal by the growth of peat. Great periods

of time are bespoken by the successive forest-

gi'owths, each consisting of different species of

trees, and have been requii'ed also for the inter-

mediate slow gi'owth of peat.

In Denmark, where peat-mosses abound, there

are some of great interest, though of limited extent,

which haA^e been formed in cauldron-like cavities

in the boulder-clay. These gi^eat " pot-holes " ai'e

of obscure oi'igin: they may have originated by gi'eat

masses of ice, or of frozen mud, having been de-

posited, and subsequently melted, letting down the

overlying beds ; or they may be due to the boulder-

clay having been laiddown over fissures and pot-holes

in the rock on which old glaciers had worked, and

so sunk down. At all events they have been the

receptacles of lakes, with bed-clays retaining

remains of arctic birch and willow, and with shell-

marls, oil which were formed various peat-beds in

succession. On the margins of these, trees of suc-

cessive forests grew and fell in. The early pine
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forests, -svitli the stone weapons of tlie aborigines
;

and the succeeding oaks, with bronze weapons of

another race of men ; and the beeches at hist, Avith

the iron implements of liistoric man : these are

clearly seen there, one after another.

Looking at the result of the decay of plants on a

large scale, where the conditions have not allowed

of the permanent formation of wet marshes, we

notice the enormous extent of the black earth

(tchornos-jom or tchernay-zem) of Russia. This

covers a ^ast region, over the valleys of the Don,

Dnieper and Volga, of more than 197,500,000 acres,

with a thickness of from three to fifteen feet, and

sometimes (it is stated) to thirty and even sixty feet.

Where rivers enter the sea, and theii- checked

current can no longer hold even mud in suspension,

shoals, bars, sand-banks, and mud-banks accumulate

to form " deltas," with lagoons of imprisoned sea-

water, with isolated "bends'"' and deserted "reaches"

of devious watercoui-ses, and lakes in hollows ot

the soil. These get choked with water-plants and

silt, either persistently or by interrupted stages.

Hence arise morasses and peat-bogs, often of gi-eat

extent, and frequently containing layers of sea-

sand, and other evidences of past invasions of the

sea. The salt-marshes get their peaty soil from

the sea tassel-grass (ruppia), sea river-weed (potamo-

geton), pickle-rush (cladium), sea-rush (scirpus and

juncus), smooth-rush (isolepis), sea meadow-gi-ass

(poa), sea-grass (spartina), sea-bent (vilfa), shore-

beards (polypogon), sea arrow-grass (triglochin),

besides desmids, confervge, and other minute plants

of simple structure. "Where the sea itself has

heajied vegetable matter, the grass-wrack (zostera),

oai'-weed (laminaria), sea-wrack (fucus), and other

.sea-weeds, form more or less distinguishable heaps

and beds.

The slow infilling of a great river-gorge, both up

the country, and especially at the coast, where the

sea helps it to form its delta, is thus accom2:)anied

with the formation of peat; and wherever the

valleys are relatively broad, they exhibit wide

marshes when subject to overflow of river and sea,

and broad forest-lands or grassy flats when free

from inundation. Such alternations of livei'-

silt, sea-mud, fallen timber (local in origin or

drifted), lake-shells, sea-shells, shingle, peat, clay,

and mail, in many diff'erent associations, are visible

in numerous cuttings in the fen-lands of England and

Holland, and in many other sections of old marsh-

lands bordering the sea, and of some farther inland,

in the British Isles and elsewhere (Fig. -i). Interest-

ing evidences of geological changes, due to varying

conditions of land and sea, liave been recorded (for

instance) as shown by such sections, in Shropshire

(J. Trimmer), in Somerset and elsewhere (Godwin-

Austen), Scotland (Macculloch, Duke of Argyll,

James Geikie), Swansea (M. Moggridge), fen-lands

(Skertchley and others), Denmark ( Forchhammer,

Steenstrup), (fee. As an instance of such maritime

fen-lands, we may refer to the " Bedford Level,"

including the Isle of Ely in Cambridgeshire,

Peterborough fen, Northamptonshire, the Parts

of Holland in Lincolnshire, about GO,000 acres

in Huntingdonshire, 63,000 in Norfolk, and 30,000

in Suffolk, comprising the greater portion of the

" Fens," a marshy flat, intersected by the Nene,

Cam, Ouse, and "Welland rivers. The Romans
formed an immense embankment here, which ex-

cluded the tide, and rendered the district for a

time very fertile, until the sluices became choked,

and the level was gradually converted into one

vast morass, increased by inundations of the sea

in the thirteenth century. Various attempts were

made to drain it in the reigns of Henry VI. and

Charles I., and it was fully reclaimed by the Earl

of Bedford in the seventeenth centuiy. The sea

again bui-st the barriers in 1863. This tract pro-

duces fine crops of grain, flax, and cole-seed, also

hemp, mangel, and potatoes. These flat fen-lands

are crossed by banks, ditches, and canals in many
directions, all having reference to the lines of

natui'al or artificial drainage. The country is

tliinly wooded ; and here and there are farm-

steads and villages on slight eminences. Seaport

towns are tra^-ersed by the larger rivei's near their

mouth.

Extensive regions, including the mouths of the

great rivers, in northern and western Europe,

having been deserted by the sea, are passing

through the successive stages of saltmarsh and

fenland ; and wide tracts have become cultivated

plains. Such are the low grounds of the ancient

gulf of Poitou, the filled-up estuary of Flanders,

the largest part of Holland, and of German "Frie.s-

land."

The Tundras of Northern Russia and Siberia,

now permanently frozen below, and co^ered with

snow nine or ten months of the yeai-, are al.so

chai'acteristic maritime swamps, involving the

broad, low deltas of the great rivers that enter the

Arctic Ocean. These extensive and melancholy flats

are ^'aried with lakes of salt and fresh water, and

are green Avith coarse gi'ass, rushes, and sedge, and

with plots of bog-moss, during their short summer
of nine or ten weeks. "Whatever else the unsearch-
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able tundras may contain, the ancient mammoth
and rhinoceros, still presei'ved entire in their frozen

muds, tell of long jjast changes in north Asia. But

in Europe and the British Isles, where nation has

pressed upon nation in forced emigrations, the

peat-bogs teem at places with recognisable relics of

the past.

"Weapons and tools of stone, bronze, and ii-on,

besides the bones, garments, and ornaments of man,

also his canoes, his crannoges or artificial island

forts, and his pile-structnres, once supporting huts

and even villages in marshes and lakes, Avith the

associated rude or finished implements, and other

belongings of his domestic life, are all found in

peat-bogs, and can be referred to many successive

ages, and to difierent peoples. Thus, when fully

studied, a peat-bog often enables us to obtain an

insight, not only into many geological changes in

far-back time, but also into the history of races of

men who have left no written records, no buildings

of brick or stone, to bear witness of their life,

yet nevei'theless played an active part in found-

ing the civilisation in the midst of which we
now live.

A PIECE OE ICELAND SPAR,
By Geoege W. vox Tuxzelmaxx, B.Sc.

ICELAND SPAR (Fig. 1), or Calc spar, consists

of carbonate of lime crystallised in transparent

rhombohedra, and it derives its first name, the one

Fig. 1.—A Crystal of the Spar.

by which it is most generally kno^vn, from the fact

of its occurring in large quantities in Iceland.

If a piece of the spar be laid

npon a wafer, then, on looking

through the crystal -we shall

see two images of the wafer,

which will vary in distance and

relative position according to

the direction in which we look

at it through the spar. These

two images are always fainter

than the original, as may
be seen very strikingly by

looking at the object in such a direction that the

two images may partially overlap, when it will

immediately be noticed that the overlajiping part

is considerably darker than the remainder. In-

stead of using a wafer, we may, if we please,

lay the crystal of spar upon the page of a book,

when all the letters seen through it will appear

double (Fig. 2).

This property of Iceland spar was discovered in

1670, by Erasmus Bartholin, and very soon at-

tracted the attention of Huyghens, the gi'eat

originator of the wave theory of light. Huyghens

sought to account for the phenomenon by means of

the new theory, and the laws to which he was

thus led were experimentally verified by Wollaston

and Mains during the early part of the present

century. In order to obtain a clear idea of the

phenomenon of double refraction in Iceland s^mr,

we must first understand the form of the crystal.

It is seen at once from our illustrations (Figs. 1, 2)

that the crystal is boiinded by six parallelograms,

and that it has eiglit corners, each of which is the

meeting point of three of the sides, and the vertex

Fig. 2.—Double Eefraction of Iceland Spar.

of three plane angles. It will be noticed that since

the sides are in the form of parallelograms, the

1 'lurths of all the edcres will be determined if we
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know the lengths of the three edges which meet at

any vertex. The lengths of these three edges may
have any ratios, but the angles of the crystal

are the same in all specimens, and out of the eight

vertices there are two, opposite to each othei-, which

are each the common vertices of thi-ee equal obtuse

angles. If through one of these two vertices we
draw a straight line, equally inclined to the three

edges meeting at tliat vertex, any straight line

parallel to this is called an axis of the ciystal; so

that the axis is not a definite straight line, but a

definite direction. Now, let A B c D (Fig. 3) repre-

sent a section of a crystal of Iceland spar parallel

to one of the faces, and let i k be a ray of light

incident upon the upper face of the crystal at the

l)oint K ; then, instead of simply being bent or

refracted into a fresh path k o, the incident ray

I K gives rise to two refracted rays K o and K e, of

^\"hich K o is known as the ordinary, and K E as the

extraordinaiy ray.

We now see how it was that, on looking through

a crystal of the spar at an object beneath, we saw

the object double, for the rays coming from it will

be broken up into two pencils taking diSerent

Fig. 3.—Showing Double Refraction of Ray Incident upon Crystal
of Iceland Spar.

paths through the crystal, and therefore the eye

wUl receive two distinct images.

If we lay a crystal of Iceland spar upon a wafer

or dot upon a piece of paper, and then make the

crystal rotate, always keeping the same point of it

in contact with the wafer or dot, we shall notice

that one of the images will remain fixed, while the

other will rotate round it. The former is called

the ordinary image, as it is foi-med l)y the ordinary

rays; the latter is formed by the extraordinary rays,

and is therefore called the extraordinary image. In

order to understand the difference between the

oi'dinaiy and extraordinary rays, we must revert

for a moment to the consideration of the ordinary

refraction of a ray of light passing from one un-

crystallised transparent medium into another, as

from air into glass, or from air into water, as in

the experiments described at p. 192, Vol. I.

Let A B (Fig. 4) repi'esent the surface of sej^ara-

tion of two such media, such as air and water. Let

I be a ray incident ujion the surface of the water

at the point o, and let o R be the refracted ray in

Fig. 4.—Illustrating Angles of Incidence and of Retraction.

the water to which it gives rise. Through o draw

N n', the normal or perpendicular to the surface of

separation, and from the centre o describe a circle

with any convenient radius, and from the points p

and Q, whei"e the two rays cut the circle, let fall

perpendiculai-s p s and Q T to the normal N n'
;

then it is found that for the same two media the

ratio of the two perpendiculars, s p and Q T, is

always the same.

Now, ~-^^ is called the sine of the angle of inci-

dence N o I, and ^ is the sine of the angle of

refraction, n' o r. Therefore, since o p and o Q
are equal, the law may be stated thus :—For the

same two media the sine of the angle of incidence

bears a constant ratio to the sine of the angle of

refraction, which is generally quoted as the law of

sines.

This ratio is called the relative index of refrac-

tion between the two media, and if the ray is

passing from a vacuum into any medium, the ratio,

which is in that case always greater than unity, is

called the absolute index of refraction of the

medium.

Now, in the case of the two refracted rays which

arise from the incidence of a single ray upon a

crystal of Iceland spar, the ordinary rays follow the

law of sines, but the extraordinary rays only follow

this law in the special case when the plane of

incidence (i.e., that 2>lane which passes through the

incident ray ami is perpendicular to the surface

\ipon which it is incident) is perpendicular to the

axis of the crystal, and then their index of refraction,
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called the extraorcliiiary index, is different from the

ordinary index, or index of refraction of the

ordinary rays. If the i-ays of light are incident in

the direction of the axis of the crystal, this split-

ting of it up into two rays does not take place, so

that if Ave cut a slice of the crystal perpendicularly

to the axis, and lay it upon a small object, then,

upon looking vertically downwards at the object,

we only see one image of it, but two images are

immediately seen if we look at it obliqiiely through

the crystal. The distance between the two images

increases with the obliquity of the incident rays

until they are incident at right angles to the axis,

when the separation between the two images attains

its greatest value.

What Huyghens succeeded in doing was to find

a geometrical construction, which for any direction

of the incident rays would determine the direction

of the two refracted rays, but he made no attempt

to exjilain the origin of the two systems arising in

a crystal of Iceland spar.

In 1739 M. Dufay showed that double refraction

never took place in non-crystallised substances, nor

in crystals of the cubic system, which are symme-
trical about three equal axes at right angles, and

thei-efore are symmetrical about a point. M.
Dufay's oliservations were confii-med by Haiiy,

who showed that all ciystals which did not belong

to the cubical system, and were therefore not sym-

metrical about a point, possessed the property of

doubly refracting a ray of light.

Besides the Cubic system of crystals, there are

five others. The Right Square prismatic, or pyra-

midal system, which has three axes at right angles,

but only two of them are equal. The Rhombohedral

or Hexagonal system has four axes ; three of them

are of equal length, lie in the same plane, and cross

each other at angles of 60°, while the fourth is

perpendicular to them, and of varying length. The

Right Rectangular Prismatic, or Prismatic system,

has three axes, all at right angles to each other,

but all of different lengths. The Oblique system

has tlu^ee axes, which may be of any lengths ; two

of them cross each other obliquely, while the third

is perpendicular to both of them. Finally, there

is the Doubly Oblique system, with three axes,

which may all diflfer in length, and all crossing

one another obliquely.

In 1818, Sir David Brewster discovered that

crystals of the right square prismatic and the

hexagonal systems, which are symmetrical about

a straight line, are characterised by the existence

of one optic axis or axis of single refraction, while

crystals of the three remaining systems have two

optic axes, or directions in which a ray of light

may pass through them without being split into

two.

The first class of doubly reflecting crystals are

called uniaxal crystals. In these the optical proper-

ties are the same for all directions equally inclined

to the optic axis, but vary with the inclination.

The second class are known as biaxal crystals.

The undulatory or wave theory of light does

explain and account for the phenomena of double

refraction, but in order to do so it has to seek aid

from the theory of elasticity. A ray of light

consists—according to the wave theory, now
universally accepted—of vibrations in all possible

directions, perpendicular to the direction of trans-

mission of the ray. The medium by which these

rays are transmitted is called luminiferous ether,

and we must assume that it tills all known space,

and interpenetrates all substances. Some proofs

of the existence of such a medium, in addition to

the explanation which it gives of the phenomena of

light will be found in Vol. II., p. 6. Knowing as

we do the enormous rapidity of light-vibrations, we
learn from the ascertained principles of the tlieor}'-

of elasticity, that as regards wave transmission the

luminiferous ether behaves as an extremely elastic

solid, though at the same time we know that it

allows the heavenly bodies to pass through it with-

out perceptibly retarding their motion.

Now in order to siibmit the question to mathe-

matical analysis, we have to make some assump-

tions about the constitution of the ether within the

crystal, but in order that the theory to which we
may thus be led may be anything more than merely

a si)ecimen of mathematical ingenuity, we must

carefully see that ovxr assumptions are permissible.

We shall first assume that the ether within the

crystal is so constituted that there are three direc-

tions at right angles to each other, in which, if a

particle be disturbed, the forces acting on it will

tend to move it back in the same line in which it

was displaced, always supposing the displacement to

be extremely small. M. Fresnel, starting with the

most general supposition possible with regard to

the forces called into action by a small displace-

ment, has shown that this will be the case, so that

our first assunq)tion is justified The meaning of

this assumption will be more easily grasped by

means of an experiment due to Professor Black-

burn, of Glasgow, and which the reader will have

no difficulty in peiforming. a and B (Fig. 5) are

two points in the same horizontal line, to which
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Fig. 5.—Illustrdtiuir Action of Force
iu Lines of Disx)lacement.

arc attached two cortls, A c ami B c, wLicli are of

equal length. To c another cord is attached, carry-

ing a -weight D to act as a i)endulum-bob. There

will tlien be three

displacements, which

may be given to d,

such that D Avill move

back in the line of

displacement. First,

D may be drawn aside

in a plane perpendi-

cular to the paper,

keeping the strings

stretched, when it will

vibrate about the axis

A B, and the length of

the pendulum will be

D E. Secondly, d may be displaced in the plane

of the paper ; keeping the sti-ing c d stretched, D

will then vibrate about an axis through c, perpen-

dicular to the plane of the paper, and the length

of the pendulum will be c D. Lastly, D may be

displaced perpendicularly upwards, when it will

simply fall back to its first position. The first two

displacements were along arcs of circles, but at the

commencement of the displacement, or for a very

small displacement, the direction of motion would be

along the tangent to the circular path at the point

D ; in other words, the three small displacements

are, along D E and along two straight lines, through

D and perpendicular to D E, in and perpendicvilar

respectively to the plane of the paper. For any

other displacement, d will not immediately re-

turn through the i)oint of rest, but will first

execute curves round it.

Eeturning now to the doubly refracting crystal,

the second assumption which we shall make is that

these three directions are determined by the form

of the crystal, an assumption Avhich is justified by

the observation Avhich we have already considered,

of the connection between the optical properties of

a crystal and the crystalline system to which it

belongs. These three directions fomn the axes of

elasticity, and we learn from the mathematical

theory of elasticity that two of these directions

are the directions of greatest and of least elasticity

respectively. Now, as we have pointed out, the

optical properties of uniaxal ciystals are the same
for all directions equally inclined to the axis, but

vary with a change in the inclination. That is to

say, that for all directions equally inclined to the

axis the elasticity will be the same, but will be

different in directions unequally inclined to the axis.

Now, when a beam of common light impinges

upon such a crystal, the effect produced by this

variation in the elasticity for different directions is

that the series of ^'ibrations in all possible directions

perpendicular to the path of the ray resolves itself

into two, one parallel to a given plane passing

through the line of transmission of the ray, and the

other perpendicular to that plane. These two

series of vibrations are said to be plane-polarised,

and we shall see how experiment leads us up to this

same conclusion with regard to the difference Ije-

tween common and plane-polarised light—viz., that

in common light the vibrations take place in all

dii'ections perpendicular to the path of the ray,

while in polarised light, wdiUe still perpendicular to

the path of the ray, they are all executed in one

plane passing through the line of the i-ay ; in other

words, the vibrations of a ray of plane-polarised

light are all pai-allel. But while experiment leads

us to this same conclusion, it merely tells us the

fact without accounting for it, while the theory of

elasticity explains to us why it is that this resolution

takes place. The discussion of this would lead us

into very difficult mathematical analysis, but taking

this stej) for gi-anted we shall not find it hard to

understand how it is that these two series of ^"ibra-

tions give rise to two separate rays.

First of all, we must note that the velocity

with which a vibratory dist\irbance is transmitted

through any medium, is greater as the elasticity of

the medium is gi'eater. Now, when a wave is sent

through a medium, each particle of the medium
along the path of the wave is more or less displaced,

and executes vibrations about its position of rest

which are more rapid as the elasticity is greater.

To illustrate this we may take two springs of the

same dimensions, one considerably stronger than the

other—that is to say, having a greater elasticity;

if we now attach equal weights to the two springs

and then pull them down throvigh the same distance

and let them go, we shall see that the weight

attached to the stronger sjiring will vibrate more

rapidly than that attached to the w^eaker one.

Now, the directions of the two series of A-ibra-

tions into which the ray of common light is broken

up as it passes into the crystal, are those two direc-

tions pei-pendicular to the path of the ray along

which the elasticity is respectively gi-eatest and

least. The two seiies will therefore travel with

different velocities, but we have yet to explain why
they should travel in different directions. To do

this we must inquire into the exjJanation which

the wave theory of light gives us of refraction. AVe
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will consider the case of refraction between two

optically isotroi)ic media, a medium being called

optically isotropic when a wave is projjagated with

the same velocity in all directions. It is then clear

that when a ray impinges at any point of the

surface of such a medium, the front of the resulting

wave will be spherical, since it is travellmg with

equal velocity in all directions. A very good

illustration of this may be obtained by throwing

a stone into a pond, when we shall at once see a

number of concentric circular waves proceeding

outwards from the stone as centre, these circles

being simply the intersections of the successive

positions of the wave-front with the surface of the

water.

Now let A B (Fig. 6) represent a section of part

of the separating surface between two isotropic

media, such as air and water, or water and glass,

and let B c be part of a wave-front in the first

medium, both portions being small enough to be

treated as plane. From b describe a sphere with a

radius equal to the distance light would travel in

Fig 6.—Illustrating the Relation of Velocity to Eefraction.

the second medium while it travels over the dis-

tance c A in the first medium.

Through A draw a tangent plane to the sphere,

touching it at the point d. Then the tangent plane

A D is the wave-front in the second medium. Now
the point D is in the plane of incidence, which gives

us the first law of refraction, that the j^lane of

i-efraction is the same as the plane of incidence.

Again, the angle c B A between the first wave-front

and the surface of separation is equal to the angle

between the direction of the ray and the normal to

the surface, that is the angle of incidence.

Similarly, the angle B A D is equal to the angle

of refraction.

But, as we have already seen, x^- is the sine of

the first angle, and the sine of the second is ^ti-

The index of refraction is therefore g^, i.e., the

ratio of the velocity of light in the first medium to

its velocity in the second.

The amount of refraction therefore depends upon

the velocity with which the wave is transmitted.

Now we have seen that the two series of vibrations

in our crystal of Iceland spar were travelling with

diSerent velocities, and therefore the one will be

more refracted than the other, which explains why
it is that the ray bifurcates.

In Iceland spar the elasticity is least for vibra-

tions perpendicular to the axis.

Now, let us remember that the axis is simply a

direction, and take any plane oblique to the axis,

then from any point in the plane we can draw one

plane perpendicular to the axis, which will cut the

given plane in a line perpendicular to the direction

of the axis ; if through the same point in the

plane we draw a line at right angles to this it

makes a smaller angle with the axis than any other

line in the plane.* The former of these two lines

is the direction of least elasticity and of vibration

for the ordinary ray, and the latter is the du-ection

of greatest elasticity and of vibration for the extra-

ordinary ray.

The ordinary rays are transmitted with the same

velocity in all directions, since the elasticity is the

same in all directions perjiendicular to the axis,

and therefore, as we have seen, the wave-surfaces are

spheres, and the rays will be i-efracted according to

the law of sines. In the extraordinary rays the

velocity of transmission varies with the inclination

to the axis, and the wave-front will be an oblate

spheroid (a figure of which the earth is an example),

liaving its shorter or polar diameter equal to the

diameter of the sjiherical wave-front of the ordinary

rays, and in the same direction as the axis of the

ciystal. At the extremities of this diameter the

sphere touches the spheroid, so that for this direc-

tion the ordinary and extraordinary rays coincide,

as we already know to be the case experimentally.

Tourmaline is another doubly refracting uniaxal

crystal, and it possesses the j^roperty of absorbing

the ordinary much more rapidly than the extra-

ordinary rays, so that a sufficiently thick slice,

which is moderately transparent to the extra-

ordinary, is almost completely o^^aque to the ordi-

naiy rays.

To illusti'ate this we may take two slices of

tourmaline cut parallel to the axis, and turn one of

* The reader will find that the easiest way to get a clear

conception of the relation between these lines and planes will

be to take two pieces of cardboard to represent the planes and

a knitting-needle to represent the direction of the axis.
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tliem about upon the other through clifFerent angles

— it will be found that the combination is most

transpai-ent when the two axes are parallel (« 6),

anil most o[)aque when the two axes are at light

angles (a b, Fig. 7).

We can now explain this in the light of our

previous knowledge. As the rays of light were

Fig. 7.—Tourmaliue Plates.

]»assing through the fii-st crystal, their vibi-ations

were resolved into two series, one parallel and the

other perpendicidar to the axis ; the former con-

stituted the extraoi'dinary rays, and the latter the

ordinary, wliich, as we have remarked, are almost

completely ab.sorljed by tourmaline.

The extraordinary rays alone would therefore

pass into the second crystal ; and, if the axes were

pai-allel, the vibrations constitviting the extra-

ordinary rays, being parallel to the axis of the first

crystal, would likewise be parallel to the axis of

the second, so that these rays would pass through

both crystals with comparatively little absorption
;

if, however, the axes of the two ciystals were at

right angles, the vibrations which were parallel to

the axis of the first would be perj^endicular to the

axis of the second, so that the extraordinary i-ays

in the fii-st crystal would give rise to ordinary rays

in the second, and in passing through it these

would be absorbed.

When all the vibrations constituting a beam
of light are perpendicular to a particular plane,

the light is said to be polarised in that plane.

When a ray of light is merely resolved into

two sets of vibrations at right angles to each

other, we have no means of distinguishing such a

ray from a ray of common light unless we can

separate the two sets, when we get two plane-

polarised rayS; and we have ready to hand a method

of distinguishing such a ray from a ray of common
light in the slices of tourmaline cut as we have

desciibed ; for if a ray of common light be allowed

to fall on one such slice, it will appeal* equally

tran.sparent in all positions of the slice ; but if the

ray be plane-polarised, then we shall have two
positions of the slice at right angles to each other,

which give respectively the greatest transparency

and the greatest opacity.

The defect of this method of obtaining plane-

93

I)olarised light is that if the plates are thick enough

to absorb completely the ordinary rays, a consider-

able part of the extraordinary rays are also ab-

sorbed, while if we decrease the thickness of the

plates, the ordinary rays will not be completely ab-

sorbed, and the light will be only partially polaiised.

In order to a\oid this defect we ha^e recourse to

other means of polarising a beam of common light, or

of determining whether a beam of light from any
source is polarised. One of the most efficient con-

trivances for this purpose is the Nicol's prism, so

called from the name of its inventor (Fig. 8).

In Nicol's prism is concerned the phenomenon of

total reflection by transparent media. This may
easily be observed by holding a glass of water with

a spoon in it above the level of the eye, when the

under surface of the water will appear like a

polished mirror, and the part of the spoon below the

water will be seen reflected in it ; but for the present

we shall defer the mathematical explanation of this

phenomenon as, perhaps, too intricate for a paper of

this description.

To make a Nicol's prism we cut a rhomb of

Iceland spar diagonally, and cement the two pieces

together again with Canada balsam, whose refrac-

tive index is between the ordinary and extra-

ordinary indices of the spar.

On entering the spar a ray of common light (s Ti)

is broken up into an ordinary and an extraordinary

ray ; the former of these S.

is totally reflected at the

first surface of the bal-

sam, and passes out at the

side of the prism (o o),

while the extraordinary

ray is transmitted
through the layer of bal-

sam (abed) and emerges

from the prism (e e)

parallel to its original

direction.

Another method of

polarising light is by

means of reflection from )E
non-metallic substances. Fig. 8.—Nicol's Prism with Eay of

Light passing through it.

For every reflecting sub-

stance there is a certain angle of incidence which

gives the maximum amount of polarisation in the

reflected rays, and this angle is called the polarising^

angle of that substance, and is such that the re-

fracted and reflected rays are at right angles, and both

these i*ays are found to be polarised, and their planes

of polarisation are at right angles to each other.
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Polarisation by reflection may be well shown by

means of Malus' polaiiscope (Fig. 9). It consists of

two reflectors—one (a) for polarising the light, and

the other (b) for examining or analysing it, each

reflector being composed of a pile of glass plates.

The reflectors revolve uj^on horizontal axes, and

the upper one also upon a vertical axis. The best

effect is obtained bv setting each of the mirrors at

Fig. 9.^Malus' Polariscope.

an angle of about 33° to the vertical, and then allow-

ing a beam of light to fall on the lower reflector in

snch a direction that it may be reflected vertically

upwards. If we then look into the upper reflector,

we find that as we rotate it about the vertical axis

there are two positions differing by half a revolu-

tion, in which we see a black spot in the centre of

the field, being those positions in which the upper

reflector is incapable of transmitting the light

reflected by the lower. The positions of maximum
intensity are at right angles to these, being that in

which the two reflectors are parallel, and the posi-

tion differing from this by half a revolution. The

instrument (Fig. 9) is jirovided with a perforated

stage (c) to su^^port the substance to be examined

by polarised light. Instead of the two mirrors it

is still better to use two Nicol's prisms, mounted

so that they have a common longitudinal axis about

which one of them can be rotated, and provided

with means of fixing the substance to be examined

between them.

If we examine in this manner a thin piece of

selenite, a crystallised form of gypsum or plaster

of Paris, we shall find that as we rotate the

analyser

—

i.e., the upper miiTor or prism, as the

case may be—the selenite will in some positions

of the analyser appear highly coloured, the colour

appearing most strongly when the analyser is in

the position wliich gives either the maximum or

•ninimum intensity of light, and the colour is

changed into its complementary by turning the

analyser through a quarter-revolution.

If the slice of selenite be turned round, changes

in the coloui-s will be observed, unless the analyser

is in the position which gives either the maximum
or the minimum intensity of light, in which case

the colours will merely change in intensity and not

in theii- tints. With thicker plates of selenite we
get no colour, but if, when the analyser is in such

a position that the light after passing through a

thin slice of selenite is extinguished, we replace the

thin slice by a thicker one, we can restore the light

which was before exting\iished.

To assist us in obtaining a clear idea of the

reason why these gorgeous colours are to be seen

in many objects when observed by polarised light,

we will again call Professor Blackburn's pendulum
to our assistance.

Referring to Fig. 5, let us imagine a plane through

D and perpendicular to d e, and therefore to the

plane of the paper. Then there are two straight

lines in this plane, along which if d be displaced it

will return along the line of displacement, and pass

through its original position at each half-\dbration

—

viz., the line in which the supposed plane cuts the

plane of the paper, and the line through D perpen-

dicular to this. If D be displaced along any other

line in the plane, it will not immediately return to

its original position, but will swing round it in a

curve, which for small displacements is very nearly

an ellipse or flattened circle. Let us now supj^ose

that a beam of polarised white light falls perpen-

dicularly u^xtn a slice of selenite laid so that the

direction either of greatest or least elasticity may lie

in the plane of polarisation ; then, since these two

directions are at right angles, the one w^hich does

not lie in the plane of polarisation will be in the

plane at right angles to it, in which are performed

the vibrations of the polarised beam.

If we now turn the slice so that the direction of

A'ibration no longer coincides with the direction

either of greatest or least elasticity of the selenite,

each particle of luminiferous ether when displaced

will not vibrate backwards and forwards in a straight

line, but will move in an extremely minute ellipse

;

for just as in Blackburn's pendulum, when the

bob is displaced in other than the two cardinal

directions, the restoring force called into play by

the displacement is not in the direction of displace-

ment, and thei-efore instead of sending the pai-ticle

back through its mean position, it causes it to

move round it in a curve which, as we have

already stated, is an ellipse.
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Now the difference between the velocity of pro-

pagation in the du-ections of greatest and least

ehisticity is greatest for the rays of shortest wave-

length, or violet, and least for the red, so that the

ellii)ses are different for the different colours.

The reader may very easily illustrate this by

altering the ratio of the length E c to the length

C D in Blackburn's pendulum (Fig. 5). Owing

to this difference, the different colours will be un-

equally suppressed in any position of the analyser,

which explains the jiroduction of colour. Now if

Ave take any two positions of the

analyser at right angles, we shall

find that the colours are comple-

mentary, which we might have

predicted, for the light suppressed

in one position is the light which

is not suppressed in the othei',

and neglecting the quantity al)-

sorbed in passing through the

slice, the sum of these two com-

ponents must be equivalent to

the incident beam of white light

—in other words, they must be

complementary

.

We are justified here in

neglecting the light absorbed, because the different

colours are absorbed to very nearly the same extent,

so that the colour is not sensibly changed by the

absorption. If the plate ©f selenite be of a certain

tliickness the vibrational ellipse becomes a circle,

and then there is no change in the intensity of

the light as we rotate the analyser, so that in

this it resembles ordinary polarised light, from

which it may, however, be distinguished by being

converted into elliptically polarised light when
passed through an additional slice of selenite.

If we pass a beam of polarised light through a

section cut perpendicularly to the axis of a uniaxal

crj'stal, we shall see, on looking through the

analyser, a sei-ies of concentric coloured rings,

crossed in general by two grey crosses, one of

which remains fixed, while the other turns with

the analyser (Fig. 10).

These crosses do not remain constant in intensity

as we turn the analyser, but in two positions of the

analyser, differing by half a revolution, they coin-

cide to form a single black cross, and in the two
positions at right angles to these they unite into a

single white cross.

If a piece of glass be subjected to strain and
examined in a polariscope it will exhibit coloured

streaks, showing that when in that condition it

possesses the j^i'opcrty of double refraction. This

may be seen very well in a j)iece of unannealed

glass, which is in a state of permanent strain. In

such a piece of glass the elasticity does not vary

from point to point in the same regular way as in

a cr\stal, so that the glass does not behave like a

single crystal.

This phenomenon of colorisatiou of doubly re-

fracting substances when placed between the polar-

iser and analyser of a polariscope, affords us the most

delicate test of double refraction, and therefore it

10.—Kings and Crosses formed by Polarised Light passing througli a Section of
a uniaxal Crystal cut perpendicularly to the Axis.

is that the polariscope is so essential an adjunct to

the microscope of the chemist, the mineralogist, or

the botanist, often giving him most valuable in-

formation on the minute structure of the substances

under examination.

If a plate of rock-crystal, which is a uniaxal

crystal, cut by a section perpendicular to the optic

axis, be introduced into a polariscope, the plane of

polarisation will be turned about this axis through

an angle which is found to be proportional to the

thickness of the plate of rock-ciystal.

In order to observe this phenomenon we must

use homoofeneous light, which is light consisting of

only one colour. We first adjust the analyser, so

that when the plate of quartz is not inserted the

beam of light is completely extinguished. If we
then introduce the quartz we shall find that the

light is partially restored, and in order to produce

complete extinction we must tiuii the analyser

through a certain angle. If we now introduce a

second plate of quartz, or re2ilace the first plate by

one of double the thickness, we shall find that the

angle through which we have to turn the analyser,

in order to produce complete extinction, is just

double what it was in the first case, and, in general,

that the angle is proportional to the thickness of

the quartz.



356 SCIENCE FOR ALL.

The same effect is produced if, instead of a piece

of rock-crystal, we use a solution of sugar ; but in

this case it is found that nob only is the angle

through which the jjlane of polarisation is rotated

proportional to the thickness of the stratum of the

fluid which the beam has to traverse, but that if

we keep this constant, and use solutions con-

taining different proportions of sugar, the angle

of rotation is proportional to the strength of the

solution.

This affords us a method of estimating the

strength of a solution of sugar, which is of great

practical value, and is extensively used by sugai-

refinei-s, who use polariscopes made for the express

purpose, and called saccharimeters.

Many organic liquids and solutions of other

organic substances besides sugar possess the same

property of rotating the plane of polarisation.

In 1845 Faraday discovered that any liquid or

solid substance subjected to the action of a power-

ful magnet possessed, so long as it was subject to

the magnetic action, a similar power of rotating

the plane of polarisation of a beam of jiolarised

light which traversed it.

POLAE ICE.
By Staff-Slug eon- Euwakd L. Moss, :M.D., R.N., late of H.M.S. "Alert," Arctic Expedition- or 1875—76.

THE conclusion of Professor Nordenskjold's

marvellous voyage in the Vega, and the

tlepai'ting of the American expedition through

Behring Strait along the coast discovered by our

Kellett, directed public attention, in a very pro-

minent degree, to the frozen regions of the North.

Of whatever nationality he may be, a warm
welcome is sure to await the Arctic traveller in

England, for his work is one that can boast of an

almost unaccountable popularity. Nevertheless, it

is a striking fact, that in spite of this popularity

the sim^ilest physical conditions of the region ex-

plored remain, to say the least, imfamiliar. Per-

haps if narratives of Ai-ctic travel were less in-

teresting they might have been more instructive.

Our attention is absoibed by the spirit-stirring

adventures and catastrophes of which such books

are full, and the descriptions of natviral fact having

little in expeiience to appeal to, fail to be realised,

and are forgotten. At all events, whenever the

subject is touched ujion, in conversation or in the

newspapers, wide differences of opinion are ex-

pressed where there is either no room for any dif-

ference at all, or where conjecture, to be reason-

able, must confine itself within very narrow limits.

The widest scope for speculation is generally

assumed to lie in the unexplored region round the

North Pole. Very much less is known of the

South Pole, but no one appears to have the least

doubt about its state, and opinions only seem to

differ as to whether its ice-cap is more or less than

six miles thick in the middle. Some peculiarities

of the coast fauna and flora, and certain wai-m

winds from the interior, have excited some specu-

lation regarding the unexplored centre of the con-

tinent of Greenland, but even its inviting blank

gives way in popular interest to the glamour that

environs the Pole.

The " unknown North " has from the earliest

times been looked upon as especially inscrutaljle

and mysterious. Expeditions without number have

failed to do much more than reach its threshold,

and as they have not yet got to the Pole, it seems

natural to conclude that they can tell us nothing

about it. But in the absence of absolute demon-

stration we have plenty of material to enable us to

form a reasonable surmise of what the successful

explorer of the future may expect to see—a vei-y

essential exercise of the imagination, by-the-by,

for that traveller himself ! Our knowledge of the

signs by the way has accumulated, and if we chose

to interpret them they one and all indicate more or

less clearly the physical condition of the region

beyond.

Of the many land-marks that thus warn and

guide the explorer, none give more unequivocal

intimations than the north polar ice itself, and I

therefore propose to bring its structure and distri-

bution before the reader, and ask him to decide

whether its evidence will admit of more than a

single rendei-ing.

A glance at a map (Fig. 1) will show that, speaking

roundly, the great continental masses that make our

hemisphere emphatically the land-half of the earth

all come to an end close inside the Arctic circle.

The Polar Sea thus enclosed for seven-eighths of its
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•circumference is open to the Atlantic in its remain-

in »• eiglitli (Behring Strait is too narrow and too

shallow to be considered). In this gap, as the

traveller sails north, he linds himself accompanied

by an almost imperceptible current, or " slow in-

di-aught," of Atlantic water, carrying from the

^outh a temperature considerably higher than the

latitude would otherwise possess, but cooling

rai)idly. Here, accordingly, the nearest approach

to the Pole may be made without meeting ice.

has made us acquainted with the gieater part of

this navigable border, and to them we owe the

signihcant classification of the ice, according to its

thickness, into floes of one or more seasons old.

But before the traveller meets ice he experiences,

especially if he is near a coast, a very i)eculiar

change in the water he is sailing in. When the

warm indraught of Atlantic water is traced north

ward it is seen to expend its heat steadily and

regularly till at a certain point it abruptly dis-

Fig. 1.

—

Map of the Eiigioks within the Ap.ctic Ciecle.

Sooner or later it is encountered ; at fii-st, a small

decaying fragment tossed b}"- the waves, then lines

and patches of " pack," then broad fields with ice-

locked pools, or " polynia "—Kingsley appropriately

called them " peace pools "—and, finall}', wherever

these have been left behind, a wide white expanse

imbroken by a single lead of watei". The same

order of affairs has always hithei-to been found, no

matter what part of the circle has been attacked

—although, of coTirse, there are many places where

the district of " polynia " has not been as yet t-ra-

versed. So that suiTOunding the unknown area

there is an outlying zone, where the sea gradually

gives place to ice. The enterprise of sealei-s and
whalei-s following their prey into its last retreats

appeai-s from the surface, and the ship passes from

water of ordinary oceanic saltness, and of a tem-

perature still some degrees above the freezing-point,

into a less salt sea Avith a temperature of or about

29*^ Fahr. By lowering do\\-n properly protected

self-registering thermometers and obtaining sara])los

of water for chemical examination from different

depths by suitable appliances, it is ea.sy to make

quite certain that the warm current has not turned

back, but still flows north imder the cold water

coming in the opposite direction ; it, in fact, simply

sinks because at the tempei-atures at which each

exists it is bulk for bulk hea\ier than the less salt

water which flows over it. The way in which the

two opposing currents pass through each other
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"without mixing may be illustrated by the crossing

of the threads in the pattern of a damask, or

by interlacing the lingers and holding the arms

horizontally.

A comparison of the specific gravity of the out-

flowing with that of the inflowing current, and a

simple calculation with the co-eflicients for the ex-

pansion of sea-water by temperature ascertained

by Professors Thorpe and Kiicker, show that to

rise over even the heaviest samples of polar out-

flow, the Atlantic water would require a tempera-

The exchange in position is, therefore, irrever-

sible ; the warm water cannot by any possibility

again come to the surface, so that—jjostponing for

the present a consideration of the fact that the sea-<

water comes out less salt than it goes in—we have

no reason to assume that the surface of the un-

known region possesses a higher temperature than

that of the return current, which has meantime

received all that the Ai'ctic sun can give it, and

nevertheless emerges even in midsummer with a

temperature below the melting-point of snow.

Fig. 2.—A Midsummer View on a Polar Sea, Showing the Square Stratified Blocks of Newly Grounded
Floe, the Eubble of Ice Pushed before them, and also the Bomed and Pie Shapes they Waste into
in the Air from the Sun-heated Land.

ture above 50*^ Fahr. No such temperature is

anywhere carried into the unknown regions, and

in the sea-bed within them there is no conceivable

source from which it could be supplied, since the

wanning power of the earth itself is utterly insig-

nificant.

In some i)laces the warmer current has been

traced north till it had lost all its warmth above

the freezing-point without gaining sufficient dilu-

tion in exchange to make any material difference

in its specific gravity ; for example, our expedition

of 1875-7G found it in Smith's Sound in August

imderlying the polar outflow at a depth of 115

fathoms with its temj^erature reduced to 30^ 9',

while its specific gi-avity remained almost exactly

that of avei'age Atlantic water.

Here, in short, the traveller crosses the oceanic

snow line, and but for the dispersive powers of

wind and tide all the ice and snow to poleward of

him must for ever cumber the surface of the sea.

Both the dispersive agents just mentioned are, of

course, effective in proportion to the space they have

got to drift the ice into—the outside members of

a crowd can get away easiest—and accordingly it

is in the outskirts open to southern seas that they

annually leave most room for the growth of new

floe. Two factors take part in the formation of

the new ice, namely, the direct freezing of sea-

water and the accumulation of snow. When the

sea freezes minute glittering scales of ice form in

it, and slowly float upwai-ds, till the surface is

covered with a yielding paste several inches thick.
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This soon hardens as the floating crystals raise the

entiingled brine into a temj)erature where it, too,

freezes, and the floe thus foi-med in Nature's labora-

tory is salt ice, containing about one-third of the salts

of the parent water. Extraordinary misstatements

have been made about the freshness of sea-formed

ice, becaii.se it was assumed that the water neces-

sarily treated its salts as impurities, and expelled

them in ciystallising, as civilian stragglers in a

military mob might be ejected were the order given

to " form companies ;
" but the molecules of the

salts in sea-water are capable, under sufficient

coercion, of "falling in" with those of the water.

In certain connnunications to the Physical Society,

Professor Guthrie has demonstrated that the salts

in sea-water form salt ices or " cryohydrates," as

he calls them, when ex2)osed to temperatures below

21^^ Fahr. In temperatures higher than this the

entangled brine sometimes drains slowly out of the

ice in the way described by both Sii- Edward Parry

and Dr. Rae ; but in high latitudes the large

masses remain unchanged, except on the surface,

because they retain a far lower temj^erature all the

year round. A snow-fall is u.sually the foundation

of the new floe, and under the joint parentage of

fi-eezing sea and snow-fall it grows, if undisturbed,

to a thickness of from two to nine feet. Next
year, if not drifted away, it grows something less

in proportion as the water is protected by its

thickness, and so on, eveiy year getting less and

less from the sea, but annually receiving the snow-

fall.

"What, then, is the gi'eatest thickness to which

the ice thus grows, and where does it grow to its

greatest thickness ?

I have a vivid recollection of the sui-prise I, in

common with some other membei-s of our expe-

dition, felt when we fii-st realised the enormous

thickness of the floes blocking the northern end of

Robeson Channel. A floe perhaps fifteen miles

across, and floating ten or twelve feet out of watei-,

is sufliciently imposing ; but a certain amount of

scepticism attends the calculation that there is at

least eight times as much of it below. Afterwards,

for many months, we saw the edge of the eastward-

drifting pack that filled the whole sea gi'ound along

the shore in seven fathoms and upwards, and some-

times cru.sh inward till its entire section was ex-

posed, or only hidden at the base by the tumbling

rubble of ice, or the bastions of sand it jiushed

before it (Fig. 2). Such ice was not to be found in

land-locked bays, into which it could not drift from

the sea, nor was it confined to any one spot—our

sledges followed its edge for .300 miles along the

shore of the Polar Sea. If we had read the records

of previous exjieditions with gi-eater care, the

stupendous character of the ice would not have

been iniexpected. It is by no means no\el. Ten

degrees we-st of the farthest point reached by our

sledges under Commander Aldrich, Sir Edward

Belcher encountered it 106 feet thick, drifting into

and grounding on the .shores of Wellington Channel.

Twenty degrees further on Surgeon Fisher of the

Uecla and Griper reports floes 90 feet thick. An-
other 10° brings us to the coast of Piince Pati-ick's

Island, where Sir Leopold M'Clintock notes, like

Aldrich, how the edge of the tremendous pack

rested on the gi'ound two miles out to sea. Lieu-

tenant Mecham following it west to Banks Strait,

figured the huge "blue-domed" floes in tlie Parlia-

mentaiy reports of 18.5.5. It was in Banks Strait

that Sir Edward Parry was finally stopped by the

gi-eat undulating floes, reaching 102 feet in thick-

ness, that he tells us he had never seen in Baffin's

Sea, or in the land-locked channels he had left

behind him, but which filled the whole sea before

him. M'Cku-e also remarks that the polar ice is

not found in the channels of the Pariy gioup.

"That," he says, "which fills these bays and is

caiTied down Barrow Strait is the comi)aratively

small ice which drifts from its southern edge."

Here the Investigator reached her farthest point,

after following the edge of the same " stupendous

pack " the whole way from Behring Sti-ait, 1,000

miles to the west. Her records are full of refer-

ences to enormously hea\y ice. M'Clure tells of a

" huge and solid floe 29 feet over water, aild

grounded in 29 fathoms." Sir Alexander Arm-
strong mentions ice 92 feet thick, and remarks

that such floes are doubtless the edge of " that

pack which extends uninterruptedly from shore to

.shore of the Polar Sea."

As the Alert wintered inside the shelter of its

gi'ounded edge at " Floeberg Beach,"' so the llecla

and Griper, Investigator and Enterpris''^ sheltered

inside the " ban-ier " of grounded fragments of

floe, which, to adopt Pairy's words, " for distinc-

tion sake we called bergs." North of Behring

Strait the same ice, floating " comiJact as a wall,

ten or twelve feet high at lea.st," stopjied Ca])tain

Cook in August, 1778. "We again recognise it all

along the north coast of Siberia, in the " Toroses
"

or "Adam's Ice" of the fur-huntei-s, often gi-ounded

in lines five miles from shore. The great floes

met by the Russian expeditions to the north under

Admiral Wrangell with " conical hills, some of
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the largest 90 feet liigli, and long round valleys

between them," are precisely what Mecliam figured

in his journal, and Parry, north of Spitzbergen,

described as floes covered with " smooth regular

cones." These were only too familiar to our sledge

ti'avellers. AVrangell in his introduction mentions

ice ill the north of the Kara Sea 200 feet in thick-

ness ; and finally, to complete the cii'cle, the floes

that turned back Franklin in his attempt to push

north in the Spitzbei'gen seas, are identified by

Admiral Beechey and Messrs. Fife and Allison as

the same stupendous fields they saw ofi" Melville

Island and Banks Land.

We thus see that ice of a thickness not met

with in the outlying

zones Avliere annual floe

forms, has been reported

at every side of the

circum-polar circle, and

always on the limit of

the unknown area. A
study of the stnicture

of this ice tells in the

most unmistakable lan-

guage how it comes to

be there ; and our ex-

pedition had unprece-

dented opportunities for

studying fresh cleft sur-

faces, unchanged by the

disintegration of sum-

mer. When we examine

the section of a floe

(Fig. 3) freshly cleft and

pushed out of water, it

is seen to be faintly, but

nevertheless perfectly

distinctly, stratified in

even parallel bands abovxt a foot deep. The stratifica-

tion is best seen from a little distance ; the blue

surface of a section shows regular horizontal lilies of

darker or lighter shade, depending on whether the

air-cells in the transparent ice are far apart or close

together and numerous. The strata are deepest

at the top of the section, and gi'ow thinner towards

the bottom. We saw similar stratification in true

land-grown icebergs from Petermann's Glacier,

and Payer has described the same in the glaciers

of Franz Joseph Land ; in short, it is precisely the

same in character and source as that of the neve

or ice-field of annually accumulating snow that lies

in the basins of mountains, and poure down as

glacier in better known parts of the world. Occa-

3.—Diagrammatic Section of Polar Floe.

(A) Section of the Floe; (n) Sea Level: (c) Fissure flil.'d wiili fraamonts freezing
into(D D) Conglomcrflte or "porphyritic'' ice of I'.-irrv:^ (k Ki Annual Snow
subliming into (f f) Stratified ice; (OSuperalacial 1'(h.I ; iiO an •'Ioe-coni>"
or " BlU(>-top" : (I) a "Fossil" Superplacial Pool; (.i)a Fossil " Blue-top" ; (k)
Boulder Ice crushed up from Assure into lines of "hummocks" ; (l) Polar Sea.

sionally the strata may be seen curving and thin-

nmg out over some inequality beneath them, and

sometimes they are interrupted by a lense-shaped

patch of olive-tinted ice marking the section of

what was once a pool on the surface of a floe, but

which has frozen and been gradually )>uried under

layer after layer of annual snow (Fig. 3). An
irregular line of little black dots often occurs along

the bottom of such fossilised superglacial pools, and

when they are microscopically examined each little

dot is seen to be a speck of dust, consisting of the

remains of certain primitive plants that live on the

surface of snow and in such pools, mixed up with

a peculiar red inorganic sand which has been found

by Parry, M'Clintock,

Koldeway, and others,

strewn on floes far from

land. Tliis contains^

magnetic particles, and

is generally attributed

to either a volcanic or

meteoric source.

The conversion of

each season's snow into

a layer of ice does not

depend upon any pro-

cess of thaw, and as it

occurs within a foot or

two of the surface, it is

plain that pressure lia&

little to do with it.

It can be traced through

every stage, the greater

part of the snow fiills as

an almost impalpable

powder, consisting of

hexagonal plates and

needles, although in

the milder weather of spring and autumn it

appears in more complicated and often extremely

beautiful stars. After a time the crystals most

exposed to the cold grow larger; these are of

course on the top in autumn, and at the bottom

in summer. The latter soon grow to resemble

hailstones, then unite into irregular lumps and

rods like sugar-candy, and finally coalesce into

spongy ice. The cause of the growth is easily

understood when we reflect that ice crystals

evaporate without melting, and that the snow

always finds itself interposed between Avidely

differing temperatures. The molecules thrown

off in the evaporation of the comparati\'ely hot

crvstals settle down on the colder ones where they
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have less tliermal vibration ; the process in short is

simply one of suhUniation.

In the regions of annual ice, gi-eat masses are

sometimes formed by the sliding up of one sheet

over another. A section of such a mass no doubt

e.vliibits a stratification, but it is without the pro-

gressive thimiins from above downward, or the

bending or mterruptions of neve layers ; and no one

contends that the latter, or the stratification of ice-

bergs, or of the great Antarctic ice-cap is thus pro-

duced, and there cannot be the least question that

the stupendous floes owe their origin to the annual

accumulation of snow-fall.

But it may be asked, If the precii)itation of the

Pole thus accumulates on the sea, and remains

unmelted, how does it happen that the outflowing

Arctic currents are less salt than those that flow

in? An examination of the outflowing current

supplies an answer. If it did not, we should

be obliged to rely only on the evidence given

by the stratification, and it would appear to be

in conti-adiction to that of the outflowing cun-ent.

An analysis of the latter shows that there is

something more than the additional water to be

accounted for, namely, a considerable increase in

the sulphates. A precisely similar state of affaii-s

is to be met with in the currents entering and

leaving other enclo.sed seas: the Black Sea afibrds

a familiar example. Its outflow has long been

known. Homer mentions it ('•' Iliad," II., 845),

and Shakspere makes Othello say—

-

" Like to the Pontic sea,

"Whose icy current and compulsive course

Ne'er feels retiring ebb, but keeps due on

To the Propontic and the Hellespont."

The existence of an underlying warm stream of

Salter water has been proved by Caj^tain Wharton
of H.M.S. Sheerioater, and the analyses of For-

chammer have shown that the less salt outflow

lias, like the Arctic current, a greater proportion of

sulphates. In the case of the Black Sea, the source

of both the water and the sulphates is palpably the

precipitation of the land carried down by the great

rivers, and we may reasonably suspect that the

sul]ihates in the Arctic outflow indicate its shore

origin; and we have, moreover, the confirmatory fact,

that if it is not altogether confined to the neigh-

bourhood of land, it is at all events sti-ongest there.

Snow melts on Polar shores, and remains on Polar

sea, because ice is transparent to radiant heat, but

yields to heat from an obscure source. Tlie rays of

the Arctic sun falling on the floes, waste themselves

94

in their icy depths, unless, Avhere here and thei-e on

the broad solitude of snow there may be a speck

of algse, or a point of dust to catch and transfer

them, then the tiny speck sinks into a little watery

pit, and the water, less diathermic than the ice,

spreads itself in a super-glacial pool, and perhaps

cuts a river-bed, leaving the well-known undulating

hills of blue stratified ice on either side of it, till it

})lunges into some fissure between the floe.s. But

on land the conditions are widely difierent, and

as a result we have the sti-iking contrast that the

end of summer afibrded us at Floeberg Beach— a

land bare of snow, and a sea covered with it. To
play the part of the little speck of dust, there is the

whole surface of the ground wliich the transparent

snow fails to hide from the sun, and accordingly

the snow melts from below with amazing rapidity,

and soon rushes along between the shore and the

ice barrier, heaping up long jiarallel mud-banks

against the latter, loosening the sea-ice, and sweep-

ing fragments from its edge southward through

every channel.

Since the conditions favouring the melting of

snow are most abundant and active near shore, and

since the chief source of waste from the great polar

neve is the drifting away of its marginal fragments

into the Atlantic, we must look for its centre as far

as possible from both. A point between the Pole

and Behring Strait best satisfies these require-

ments. It is plain that if nothing interfered with

the perennial accumulation of snow, the floes would

soon rest on the bottom of the sea ; but changes of

temperature, tide, and wind, and the contact of the

ice-fields with the land, fissure the floating crust,

and as soon as a fissure opens, the sjjace is im-

mediately filled with a chaotic rubble of floating

fragments torn from the depths of the sides—these,

freezing together, form the "porphyritic ice" of

Parry as a foundation for fresh snoAv deposit, and

effectually prevent leclosui-e, so that there is a

constant removal of the neve from the centre

outward.

Perhajis some reader who has accompanied me
so far as exploration has gone, may be inclined to

halt, when I invite him to launch into conjecture

about a region as yet totally unexplored ; something

will, however, have been accomplished if he can lay

before his mental vision a truer picture of what is

ali-eady known of the farthest noi-th. Our concep-

tions of the polar pack have been too long built up

out of the glassy ice of frozen pools and skating

rinks, while we might have found a truer present-

ment of it in Alpine neve and glacier.
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But if the evidence of the ice is accepted as

reasonable, the physical condition it points to is

not totally without a pai-allel ; it merely means

that the northern ice, though at present reduced

to comparatively small dimensions, is essentially

the same in origin as that which now covers the

South Pole.

Each ice-cap, as Dr. Croll exj^lains to us, must
alternately wax and wane through enormously lono-

periods of time, and in each we see the beginning of

that freezing-out process, which, if we are to believe

either geologists or mathematicians, the slow cool-

ing of the sun must eventually inflict upon the

earth.

EUBIES AND SAPPHIEES
By F. W. Eudler, F.G.S.,

Curafor of the Museum of Practical Geotogy, London.

ONE of the many high-soimding titles assumed

by the King of Burmah is that of " Lord of

the Rubies." Next to a white elephant, a ruby

of unusual size is probably the most valued pos-

session pertaining to Burmese royalty. The finest

rubies in the world are found within the territories

ruled over by King Theebau, and it is believed

that among his treasures there are specimens of

the gem far finer than any upon which the eye of

European has ever gazed. This passion for rubies

is not, however, peculiar to Burmese jjotentates,

but is indulged in, to a greater or less extent, by

most Orientals. Nor is it by any means a fashion

of modern growth. If the translators of the Old

Testament are to be trusted in their use of the

word " ruby," the valiie of the stone must have

been clearly recognised in the East at least as far

back as the days of King Solomon and of the

author of the Book of Job. When these Hebrew
writers are searching for the type of all that is

most costly, it is the ruby that they select ; and

hence the well-known passages in which wisdom

is extolled above rubies. From the days when

those passages were penned down to our own
times, the gem has continued to stand in the first

rank among precious stones ; and even in the

London market at the present day an Oriental

ruby of fine colour and of moderate size will com-

mand a far higher price than any diamond of

equal weight.

If the reader will take the trouble to visit any

large collection of minerals, such as that in the

British Museum or that in the Museum of Prac-

tical Geology, he will find that the specimens of

niby are placed alongside the specimens of sapphire.

Yet what can be more different than these two

stones—the ruby of a brilliant red colour, the

sap2)hire of a bright blue? It needs, however,

but the slenderest acquaintance with chemistry to

prove that there is here no outrage upon the

scientific principles of classification. It must be
remembered that the colour of a mineral is in

most cases a mere accident, and it were indeed

a frail system of classification that could be i-aised

upon such a basis. Sometimes, it is true, colour

offers a valuable clue to the identification of a

mineral ; but just as often, or perhaps oftenei-, it

proves iTtterly valueless as a distinctive charac-

teristic. If a number of minerals are to be sorted,

so that those of a like kind may be placed together,

the great object to be kept steadily in view is their

chemical composition. To this point everything

else is suboi-dinate. If two substances are found

to have the same chemical constitution, we are

bound to recognise their kinship, notwithstanding

any difference in colour or other j^hysical features.

Now the ruby and the sajij^hire, in s\nte of their

marked differences in colour, ai-e pronounced by
the chemist to be one and the same thing in

essence, and it is for this reason that they are

coupled together at the head of this article. Both

of them are, in fact, natural forms of that pai"-

ticular kind of matter which the chemist t?rms

alumina.

Rather more than twenty years ago an eminent

French chemist succeeded in preparing, on a com-

mercial scale, a metal which had prcA iously been

regarded only as a chemical curiosity, and was
utterly unknown outside the laboratory. This

was the metal aJumininm. Every one is now-a-

days familiar with the brilliant white metal, so

much like silver in colour and in lustre, yet so

different from silver in many of its pro])erties,

especially in its extreme lightness. If a piece of

silver weigh ten pounds, exactly tlie same bulk of

aluminium will weigh only about two poinids and



RUBIES AND SAPPHIRES. 3G3

a half. Tliis liglitness, together mth the beautiful

colour and the dui-ability of the metal, led to the

prediction, when it aviis first brought into the

market, that aluminium would soon find a multi-

tude of uses in the arts. Experience, however,

has not justified this prediction, and at the present

time its use is princijjally restricted to trivial pur-

poses of ornament, and to the preparation of a

copper-alloy, singularly like gold in colour, known
as aluminium bronze or aluminium gold, itself

employed in the manufactm-e of pencil-cases and

other ornamental objects.

It is matter of familiar observation that most of

our common metals when exposed to the atmo-

sphere lose theii- brilliancy, and that a tliin film of

tarnish or rust gradually creeps over their surface.

Til is rust is in most cases a metallic oxide, pro-

duced by the union of the metal with the oxygen

of the atmosphere. Aluminium, however, may be

exposed for a long time to atmospheric influences

without formation of an oxide, and in this power

of resistance it is almost like one of the precious

or .so-called " noble " metals. Nevertheless, alu-

minium is capable, under certain conditions, of

combining with oxygen, and it then produces an

oxide which is known to the chemist as alumina.

It is this substance which, in a pure crystallised

condition, forms the ruby and the sapphire. These

gems are therefore, in chemical language, oxides of

aluminium.

To those who are strangers to chemical ideas

it may seem incredible that the beautiful silvery

metal aluminium should be contained in a sub-

stance so extremely different as a ruby or a sap-

jjliire, yet it is beyond question that these gems
contain more than lialf their weight of the metal.

The same silveiy metal is also found in alum.,

whence, indeed, comes the word "alumina." Still

more surprising is the fact that this metal is like-

wise a constituent of common clay. Every clod

of clay contains from fifteen to twenty per cent,

of aluminium, and hence this metal is sometimes

described as " the base of clay." Such an expres-

sion is quite allowable ; but it unfoi'tuuately hap-

pens that popular writers frequently go farther,

and speak of the ruby and sapphire as "crystallised

clay." As this is a grave error, it is necessaiy to

point out the great chemical difference between

the clay and the gems. The ruby and the sapphire

are simply oxide of aluminium, coloured with

traces of other metallic oxides ; while the clay is

a substance of complex composition, varying in

different kinds, but consisting when pure of a

Fig. 1.— A charac-
tej-istic form of

Ci^stallisedAlumma

.

silicate of aluminium combined with water. It

will thus be seen that aluminium is the metallic

basis of both bodies, but that in one case it is

present as an oxide, and in the other case as a

silicate.

In the i"uby and in the sapphire the alumina,

or oxide of aluminium, is always in a crystallised

condition. So much of the article

on Diamonds* was occupied in

explaining the phenomenon of

crystallisation, that it is need-

less to add another word on that

subject. The crystals of alumina

are marked by a six-sidedness

which brings them into close

kinship with the forms of rock

crystal described on page 189.

A very characteristic shape of a

crystal of alumina is represented

in Fig. 1. Here is a crystal made

up of two similar halves, joined

together Imse to base, each consisting of a taper-

ing i)yi'amid with half a dozen sides. It is notable

that these ciystals, instead of being sharply cut, so

as to present faces which are quite flat and edges

which are quite straight, are frequently more or

less rounded, as though they had been rolled and

rubbed among pebbles in the bed

of a stream. The worn appearance

which they then present is indicated

in Fig. 2.

Mineralogists are in the habit of

including all varieties of crystallised

native alumina luider the general

name of corundum, a word which

has crept into our scientific vocabu-

lary from the East. In most cases

the crystals of corundiun lack trans-

parency, and possess only dull

colours, but when they happen to be

clear and of bright tints they form some of our

most highly piized gem-stones. It is the red

varieties of corundum that form the ruhij, and the

blue varieties the sapphire.

Occasionally the corundum ])resents other colours,

and it is then named after the stone to which it

most nearly corresponds in tint, from which it

is distinguished, however, by the qualifying desig-

nation "Oriental." Thus, a green corundum

resembling the emerald in colour is known as

Oriental emerald, a yellow corundum looking like

a topaz is called Oriental topaz, while a puiple

* " Science for All," Vol. II., p. 187.

2.—

A

Rolled Crystal
of Sapphire.
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corundum liaviiig the colour of amethyst is distiii-

guished as Oriental aniethyst. Sometimes tlie red

varieties are termed Oriental ruby to distinguish

them from other red stones known also in trade as

"rubies," but far inferior to the true ruby in colour,

hardness, rai'ity, and therefore in value. But when
the term "ruby" is employed without any qualify-

ing designation, it is, or should be, the i"ed corun-

dum, or Oriental ruby, which invariably is intended.

It is from India that our supply of the different

kinds of corundum is principally derived. Ceylon

yields a great variety of specimens in the form of

rolled crystals, among which the blue sapphires are

most abundant. Of rubies, or red corundum, the

finest varieties are obtained fi'om Burmah, but very

little is yet known as to their mode of occurrence.

It is said that they are found in a bed of sand

or gravel which is systematically explored. The

workings are guarded with the strictest jealousy,

no European being allowed to visit them. All

stones exceeding a cei'tain weight ai"e claimed by

the king, and hence when a large stone is found

it is the policy of the finder to break it up into

a number of fragments.

In 1871 a remarkable deposit of corundum was
discovered by Colonel Jenks in North Carolina.

Instead of occurring, as it commonly does else-

where, in the form of water-worn crystals or

rounded pebbles, the corundum was here found in

its actual matrix or m,other-rock. Veins of corun-

dum running through serpentine rocks yielded

crystals of enormous size, some of them weighing

more than 300 lbs. each. It was, of course, not

ruby and sapphii-e that was thus found by the

hundredweight. Much of the mineral was, indeed,

merely coarse corundum, and coidd be xised only

for the purpose of polishing other stones, but

still some of it was sufficiently bright in colour

to be cut as ornamental stones.

Those varieties of native alumina which are not

fine enough to be iitilised by the jeweller are yet

useful, by reason of their excessive hardness, as

abrading agents. The extreme hardness of co-

nxndum furnishes, indeed, one of the most dis-

tinctive characteristics of " Oriental gems," such

as ruby and sapphire. Next to the diamond,

corundum is the hardest known mineral. It

can therefore scratch every other stone, but is

itself scratched only by a diamond. Inciden-

tally it may be remarked that the substance so

well known as emery is a veiy impure form of

alumina, and is therefore closely related to the

coarser kinds of corundum.

In the study of minerals it is so important to

note their hardness that the first thing a mine-

ralogist generally does, when an unknown substance

is presented to him, is to take out his jienknife and

observe whether he can scratch it or not. Some-

times, to be sure, a ciystal is not uniformly hard

on all its faces, but as a rule the hardness is subject

to little or no variation on difierent parts of the

same crystal, or on difierent crystals of the same

substance. A property which is at once so cha-

racteristic and so easily examined must obviously

be of great value in the discrimination of minerals

;

and accordingly a table has been drawn up in

which the degrees of hardness of a few typical

minerals are expressed by numbers, thus forming a

standard scale to which the hardness of any other

substance may be referred with tolerable precision.

The table which is universally accepted by mine-

I'alogists was originally drawn up by an Austrian

named Mohs. Tlie highest degree of hardness,

monopolised by the diamond, is denoted in Mohs'

scale by the figure 10. The next degree of hard-

ness. No. 9, is assigned to the ruby, sapphire, and

other varieties of corundum, and serves at once to

distinguish these stones from others with which, by

similarity of colour, they might readily be con-

founded. Thus an Oriental or true ruby is easily

distinguished from other red stones, such as a

spinel-ruby or a garnet ; and in like manner an

Oriental emerald, or green corundum, is separated

from an ordinary emerald, and an Oriental ame-

thyst, or purple corundum, from an ordinary

amethyst. All these •'' Oriental " stones, or coloured

corundums, have the same high degree of hardness,

trivial differences excepted. It is said, for instance,

that the sapphire is slightly harder than the ruby.

Another character which serves to distinguish

corundum from most other minerals with which

it is likely to be confounded is its high specific

gravity. This expression, in constant use by

mineralogists, merely indicates the relative weight

or gravity of different kinds or species of matter.

If we say that an Oriental ruby has a higher

specific gravity than a spinel-ruby, we simply mean
that if equal bulks of the two bodies be weighed,,

the Oriental stone will be the heavier. There is no

characteristic of greater service to the mineralogist,

especially in the discrimination of gem-stones, than

this character of specific gravity. Suppose it is

required to determine whether a given stone of red

colour is an Oriental ruby or simply a spinel, or

maybe only a garnet ; it is true that crystalline

characters will at once serve as distinctive marks.
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—A common form of

Spiuel Ruby.

since the six-sided forms of ruby are unmistakably

different from the crystals of spinel or of garnet,

minerals which belong,

like the diamond, to the

cubical system. Fig. 3

represents the common
form of a spinel-ruby,

and Fig. 4 one of the

most characteristic forms

of garnet. No true

sapphire or ruby ever

assumes either of these

shapes, or anything like

them. But when a stone

has passed through the hands of the lapidary its

crystalline form is lost, and is therefore no longer

available directly as a test. Recourse must then

be had to some other

diagnostic or distinctive

/ y \ \ character. Hardness is

^^^ ^\, .?-^^&!^ \ here of service, for both

^^^BMA^)\^^^^^^^^\ spinel and garnet are
^^^^l|^ .-^AsX^ ^ .\- m softer than the true

ruby. It is not always

desirable, however, to

attempt to abrade the

surface of a finely-cut

stone, nor is the test

easy of application in

the case of very hard stones. It is then that we
may turn with confidence to the test of specific

gravity. To apply this test, we weigh the stone

Fig 4.—A common form of
Ci-j'stal of Garnet.

Fig. 5.—Hydros' atic Balance, or Apparatus for determining the
Specific Gravity of a Solid Body.

first in air in the ordinary way, and then in water

by suspending it beneath a scale-pan and immersing

it in the liquid, as shown in Fig. 5.

It is a familiar fact that a stone when plunged

beneath the surface of water appears to lose weight.

A boulder on the sea-shore may be too heavy to be

moved by a man, yet when immersed in water it

may be so buoyed up as to be moved with ease.

In the same way, a cut gem-stone plunged into

a vessel of water becomes lighter ; and according

to a well-known princij^le, said to liave been dis-

covered by the famous Sicilian philosopher, Archi-

medes, the loss of weight is precisely equal to

the weight of a quantity of water occupying the

same bulk as the submerged stone. Now " specific

gravity " means neither more nor less than the

weight of the body compared with the weight of

an equal bulk of water. All we have to do, there-

fore, in order to obtain the specific gravity of the

stone in question, is to divide the weight of the

stone in aii* by the loss of weight which it suffers

when placed in water, and the quotient gives at

once the specific gravity. By this simple bit of

arithmetic we find that the Oriental ruby has a

specific gravity of about 4 ; in other words, the

stone is four times as heavy as an equal bulk of

water. A cubic foot of water weighs, roughly

speaking, 1,000 ounces; therefore, if it were pos-

sible to procure a cubic foot of ruby or of sapphire,

or of any other kind of corundum, it would weigh

about 4,000 ounces. But the same bulk of spinel-

ruby or of garnet would weigh considerably less,

.since the specific gravity of the former is about 3 '5,

and that of the latter 3 "8. Here, then, is a .simple

yet unfailing test, by means of which we need

ne\'er be in doubt about the nature of the stone

under observation. It is worth noting, however,

that some of the coarser varieties of corundum do

not possess exactly the same specific gravity as the

finer kinds which are used as gem-stones.

Occasionally the term density is used by mine-

ralogists in the place of specific gravity. Strictly

speaking, the two expressions are not quite iden-

tical, for while specific gravity means relative

weiyht, density means relative mass. It is un-

necessary, however, in this place to dwell upon

this refined distinction, and as a matter of fact

mineralogists are in the habit of employing the

two terms indifferently.

Before quitting our study of the physical pro-

j^erties of the ruby and sapphire, attention should

be called to a peculiar optical ai)pearance which is

presented by certain varieties of these gems, espe-

cially those of a greyish-blue colour and cloudy

aspect. "When stones of this kind are cut with a

rounded surface, or, as jewellers say, en cabochon,
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they are found to exhibit on the surface of the

boss a luminous star, generally of six rays, whence

they are called star-sappldres. If the stone be

perfect, the rays of light stream forth from the

summit of the dome, which coincides with the

centre of the star ; but it often happens that the

j)Osition of the star is not truly central.

When a star-sapphire is carefully examined it is

generally found to present on its surface a number

of concentric lines, running in six-sided forms, and

indicating a lamellar or platy structure in the

stone. It is upon this peculiar structure that the

jjhenomenon of asterism, or the optical appearance

of the star-stones, necessarily depends. The phe-

nomenon may indeed be imitated on a convex piece

of glass by ruling a multitude of fine parallel lines

in proper directions. If these lines run all in one

direction they will give rise to a band of light

Tig. 6.—Diagram illustratiui; the artificial production of Asterism.

running across them transversely, as .shown in Fig.

G, A. Sucli an appearance is presented by many
stones which have a fibrous structiu'e, especially

when they are cut into the form of a l)0ss, or en

cabocfton, whence they are commonly called " cats'

-eyes." Now if a second set of fine parallel lines

be di'awn at right angles to the former set, a second

band of light will be produced, and the combined

effect of the two sets is the production of a luminous

•cross, as represented in Fig. 6, b. If instead of two

sets of transverse lines we rule tliree sets, cutting

• each other at angles of sixty degrees, so as to form

by their intersection a multitude of little equal-

;sided triangles, there will necessarily be three bands

•of light, and by their crossing each other they form

a star of six rays, as seen in Fig. 6, c. This is

exactly similar to the appearance presented by the

star-sapphire, and there can be little doubt that the

2)henomenon in the stone is due to a similar cause^

namely, to the reflection of light from three sets of

intersecting lines naturally existing in the stone,

and closely connected with its ciystalline structure.

This property of asterism was certainly known
to the ancients, who sjjeak of the star-stone under

the name of asteria. It Ls probable, however, that

•other stones, such as the cat's eye, were likeAvise

known under the same designation. The term

".•iapphire," or some kindred word, appears to have

been applied to a number of distinct stones of l)lue

colour. At any rate, it is certain that the sajjphire

of the ancients was in many cases a very difierent

stone fi'om our modei-n sapphire. Greek and

Roman writers on natural history, such as Theo-

2)hrastus and Pliny, tell us distinctly that the

sapjihire is " sjxjtted with gold." Now, such a

description is utterly inapplicable to the blue corun-

dum, but applies well enough to the stone known as

lapis lazuli. This is an opaque mineral of bright

blue colour, which is commonly veined aiid spangled

with a mineral of brassy or golden colour, called

iron pyrites. It is consequently believed that some

at least of the ancient '
' sapphire " must have been

our lapis lazuli—a stone which is still valued for

ornamental purposes, but is totally distinct, chemi-

cally and physically, from om* sapphire.

In the course of this article the reader has been

introduced, perhaps unconsciously, to the idea of

a mineral species. By studying the ruby and the

sapphire we have seen which characters are essential

and which are accidental, and have thus been led to

conclusions which run counter to pojjular notions

on the subject. In examining an unknown mineral,

the first thing is to settle its chemical composition,

and the next is to study the character of its crys-

tallisation. Bodies which have the same chemical

constitution, and which crystallise in the .same

system of foi-ms, must necessarily be ranked as one

and the same species. Neither chemical composition

nor crystalline character is alone sufficient to estab-

lish a species. If, for example, two bodies contain

the same elements imited in the same proportions,

and are therefore chemically identical, but if they

assume forms which are crystallogi'aj^hically incom-

patible, they are invariably regarded as belonging

to distinct species. Thus it was shown in a pre-

A'ious article that diamond and graphite are almost

identical in chemical composition, but yet crystal-

lise in two distinct .systems ; hence they form two

minei'alogical species. Ruby and sapjihire, on the

contrary, agi-ee both in comjiosition and in crystal-

lisation, and therefore belong to the same species.

Minor characters, such as colour, are only sufficient

to constitute differences of variety, not of species

;

and thus it comes about that the red ruby and

the blue sapphire form two varieties of the species

corundum.

When a mineralogist has determined the compo-

sition and the ciystallisation of a given mineral, he

proceeds to examine its other properties, such as

density, hardness, colour, lustre, and so forth. Two
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of these characters—specific gi'avity and hardness

—are capable of qiiantitati\e exi)i'ession, accurately

in the fiitst case, and approximately in the second.

We not only say that one body is denser and harder

than another, but we can say exactly how much
denser, and in rough terms how much harder. When
we read in some technical treatise on mineralogy

that corundum has a S.G. 4 and H. 9, we learn

—

lii-st, that the specific gravity (S.G.) of the mineral

is represented by 4, or, in other words, that it is

four times as heavy as an equal bulk of jiure water
;

and secondly, that its degi-ee of hardness (H.) is

represented on Mohs' scale by the figure 9, that is

to say, that it is softer than diamond, which has a

hardness of 10, but harder tlian topaz, which has a

hardness of 8.

It will have been gathered from the foi-egoing

remarks that the science of mineralogy is largely

dependent upon a number of collateral sciences.

A mineralogist, so far from being an independent

individual, is constantly seeking aid from his fellow-

laboui-ers in other scientific fields. He i-equires a

knowledge of chemistry to detei-mine the composi-

tion of the bodies which he examines. He needs-

familiarity with crystallography to describe their

forms, and a knowledge of 2)hysics to take their

specific gravities and to examine their optical pro-

perties : while the study of geolog}^ is essential if

he desires to know anything about the mode of their

occurrence.

Mineralogy, in fine, furnishes an admii-able illus-

tration of the interdependence of the physical

sciences. The several sciences are but so many
membei"s of one gi-and system, dovetailed together

in sxicli a way that each supports, and is in turn

supported by the rest. It is absolutely impossible

to isolate any single science, and to study it apart

from all others.

WEATHER TELEGEAPHY.
By William Liscombe Dallas,

Meteorological Office of the Board of Trade.

THE action of the Meteorological Office in issuing,

through the various newsjiapers, forecasts of

the weather for a day in advance has attracted a

good deal of attention, and occasioned considerable

speculation as to the possibility of accurately fore-

telling approaching weather in our changeable

climate. The general newspaper reader is doubtless

quite unaware of the anxiety with which the pro-

bable weather and wind for each separate district

are forecasted, because in nearly every case he or

she has only a cursory acquaintance "with the atmo-

spherical phenomena which influence our weather

changes, and is consequently vmable to comprehend

the reasons on which the foi'ecasts are based. Some
explanation of the materials which are available in

order to enable us to form a judgment as to the

probable weather may, then, be acceptable, as by

these means it will be possible for the reader to

follow intelligently the line of thought travelled by
the forecaster, and thus to see how easily failure

may occur.

The extraordinary strides which have been made
in the different sciences during the past centuiy are

owing probably more to the general interest which

has been awakened in their study among all classes

of the population, than to the individual laljours of

single savants, however eminent. It is, therefore,

subject for congratulation that by means of weather

telegraphy a mode of popularising the study of

meteorolog}' has been found, and a prospect opened

up of arousing the science from that dormant con-

dition in which it has so long remained. While

meteorology is engaged in attempts to solve the

problems of the generation and action of different

AveU-known atmospherical phenomena, weather

telegi'aphy, taking these phenomena and their sur-

roundings as established facts, makes use of them

as the basis for weather forecasting, without at-

tempting any explanation of their origin or destiny,

and without adopting any of the many theories

extant as to their natui-e. With such accuracy

is this done, that at the Glasgow meeting of the

British Association in 1876, Dr. Andrews congratu-

lated the scientific world, that, having regard to the

little progress meteoi-ology had made as a science, the

returns of weather telegrajihy might be considered

to be on the whole decidedly satisfactory-. Before

attempting an explanation of the physical properties

of the different atmospherical phenomena, it is

necessary to have a perfectly clear iniderstanding of

the meaning of the terms employed, and of the

different attributes of the principal phenomena.
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It will be noticed that certain dotted lines appear

every morning on the chart ; these lines are called

isobai's {i.e., equal pressure), and have figures at-

tached to them, sliowing what is the height of

barometer in those parts of the countries over

which they pass. They are dra^vn over the country

in such a manner, that a barometer placed under

any one of the lines Avill, at any part of its course,

register exactly the same pressure. From want of

information—it being practically imj^ossible to obtain

observations from every part of Europe—the isobars,

it will be seen, sweej? over our area, perhaps without

touching even one of the stations ; but their course

may be taken as approximately correct, pressure

vaiying regularly between the different stations, so

that by a carefid measurement between the nearest

points, the position of the isobar may be fixed

almost with certainty. For example, suppose the

reports from Plymouth and Portsmouth gave the

barometer reading as 29:4 in., while those from

Bristol and London were each 29 "2 in., then the

line 29 "3 in. might be drawn with certainty midway
between the two southern and two northern sta-

tions. These lines, therefore, show at a glance the

general height of the barometei-, oi-, speaking more

correctly, the general distribution of atmospheric

pressure over the countiy, and a knowledge of the

conditions which usuallyaccompany the different dis-

ti'ibutions and relations of these isobars, and of the

movements usually followed by the different systems,

is the groundwork of the study of the weather.

The 2^1'essure of the air varies considerably over

a large ai-ea at the same time ; it consequently fol-

lows that at a certain place, at a given time, pressure

is lower than in any other region. Now, if the

observations of the height of the bai'ometer, taken

simultaneously at a number of .stations scattered

over the country, are plotted on a chart, the region

of lowest pressure will be readily visible, and also

the manner in which the barometer rises on all

sides of it. Let it be supj^osed that a number of

synchronous observations have been received from

all parts of the area covered by the Meteorological

Office chart, and that on a given day the lowest

reading of the barometer be 28-55 in. over Central

Wales, then, as joressiire is increasing on all sides of

that spot, at a short distance all romid, places will

be found where the barometer stands at 28"6 in.

exactly. These places we will now connect together

by means of an isobar, and so a small circle is

formed. Still farther off, but still in a more or less

circular form, observei-s will report the barometer

as reading 28-7 in., and so a larger circle will be

formed
; and this proceeding may be repeated till

the highest readings are reached. It will always

be noticed, however, that the outer lines are not so

regular as the others, that they have merely a curved

instead of a circular course, and that the exterior

ones of all, instead of bending round the low jires-

sure, bend perhaps in the reverse direction, and

a2)pear to embrace another space outside, probably,

the limits of the chart. The space enclosed by the

line of least value is called an area of low })ressurc,

or, on account of its Avinds, a cyclone, while that

which the isobar of greatest value encloses is called

an area of high pressure or anticyclone, and it is on

the relation which the winds bear to these areas,

and which the areas bear one to the other, that the

changes in weather depend. How they ai-e fonned

is a doubtful point, and their rate of motion is

variable ; but certain facts are known about them,

which, when ftilly understood, enable the student

to form very often a correct conjecture as to the

api^roaching weather. This we opine is the idea

with which the general public view the establish-

ment of meteorological bureaux, and to be able to

say, with some approach to certainty, when a flood

of rain will cease, or when a grateful shower will

moisten the parched land, would, to most people, be

the acme of the science, albeit there may be very

little of what some call " science " in it.

Both "cyclones" and "anticyclones" have certain

attributes in common ; at the centime of each, calms

prevail, while around their centres the wind blows

in a rotatory direction. In all other i-espects they

differ. The winds certainly circulate i-oinid both,

but flow in exactly opposite directions in the two

cases. With the anticyclones comes generally biiglit,

and always dry, weather ; with the cyclones, rain,

snow, squalls, and overcast skies. The former are

stationary or slow in their movements ; the latter

qiiicker and more uncertain.

"Anticyclones " are areas of high pressure, from

whose centre barometrical readings decrease in all

directions. It is not at all necessaiy that the baro-

meter should attain any i)articular height in them,

but only that it should be high in relation to the

surrounding readings. They may also be of any

size or shape, and may enter or leave any given

region at any point. Practically, however, it is

found that at different times of the year they aftect

particular situations more than others, so that,

though numerous instances could be quoted in which

well-marked anticyclones have travelled slowly

across our islands, it is more usual to find the area

of highest pressure firmly established over France
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and the Peninsula during a large portion of the

year, while a- other times, more pai-ticularly in the

spring, it remains as steadily fixed in the North.

Round an anticyclone the wind circulates in the

same direction as the motion of a clock's hands, i.e.,

the wind blows

—

From E. on its Southern side.

„ S. „ Western „

,, W. „ Northern „

„ X. ,, Eastern „

In addition to this rotatory motion, the wind

has a direction out from, the centre, a circumstance

explained by the hypothesis that the area of high

pressure is formed by a descending current of air

which must flow outward. Round an anticyclone

readings decrease very slowly ; the winds in its

neighbourhood are very light in force, while the

weather is diy, fair, and often foggy. The hottest

weather in summer, and the coldest in winter, is

experienced when the dominant system is anti-

cyclonic, and very gi-eat diurnal, mensual, and

annual ranges of temperature occur when the place

of observation enjoys an extraordinary or normal

excess of atmospheric pressure.

" Cyclones," or areas of low pressiu-e, ai'e very

much more active factors in the weather of the

British Isles than anticyclones, our geographical

position being right across the track traversed by

the numerous cyclones which pass from the North

Atlantic over North-western Europe. Cyclones.

are of very vaiying intensity and size, and are

more or less rapid in their movements, so that

their courses and effects are somewhat difficult to

determine beforehand. However, the direction of

the winds, which will surround the central area, is

well known, and is exactly the converse of those

explained with the anticyclone, viz.

—

From W. on its Southern side.

,, X. ,, AVestem „

,, E. „ Northern „

,, S. ,, Eastern „

It is not pretended here that the air which forms

the western wind on its southern side ever com-

pletes the circulation round the central area, so as

to become the easterly wind in the north, for at the

same time the wind has a very decided dix'ection

inward towards the centre of low pressure, pro\dng

that there is an ascending current, with a conse-

quent indraught all round.

As the chai-acter of weather at any place depends

almost entirely on the winds experienced, it follows

that the laws which govern its direction and force

95

are most imjiortant factors in any attempt to fore-

tell the approach of changes, or the continuation of

existing conditions. To do this it is necessary, fii-st

of all, to entirely clear our minds of the old idea that

the reading of a barometer at a single station, taken

without any relation to other barometers in its neigh-

bourhood, gives any sort of clue as to the j^robable

weather about to be experienced. The lettering

on a barometer is almost pure nonsense and would

never by any chance be used in issuing forecasts.

To show how utterly at variance the reading of the

scale and the actual weather often ai'e, two cases

may be quoted. In the first a severe storm was

exj^erienced at Liverpool on January 24th, 1876,

the wind between two and three a.m. having a

velocity of 62 miles per houi*, while the barometer

read SO'IO inches, or nearly " set fair." In the

other case the barometer at 6 p.m. on March 6th,

1876, read 27-94 inches, which is far below "stormy"

on the bai'ometer scale, while, as a matter of fact, a

gentle north-westerly breeze only was blowing. We
thus see a strong gale with a barometer at "set

fair " and a light breeze when it is at "stormy."

This is explained only by the fact, that gi .'en con-

ditions of weather do not depend on a high baro-

meter, or a low barometer, but on the relations

which exist between the areas of high pressure and

those of low pressure, between the cyclones and

anticyclones.* In order to show this relationship,

without having to quote the respective heights

of the barometer at any two stations with their

distance apart, a system of gi'adients has been

introduced, by which the relative distribution of

pressure can be shown over a given sj^ace without

a barometer reading being mentioned. It has been

said that the variation of j^ressure over a short dis-

tance is, as a rule, very regular, but should the

distance be much prolonged, it is probable that the

differences between stations at the same distance

apart, but in difierent sections of the course of the

gi-adient, mai/ vary considerably. Areas of low

pressure are somewhat similar to amphitheatres,

the barometer readings rising like steps on all sides

of a small central plain (Fig. 1). These steps may
be at uniform distances apart, all the way up, or

they may be very near each other in some places,

and far apart in others, and yet the gradient for

the whole distance be the same in both cases.

The wind will, however, be veiy different under

the two conditions ; breezes of uraform strength

would prevail with the regular gradient, while in

the other instance, light airs would be experienced

* "Science for All," Vol. II., pp. 18, 19.



370 SCIENCE FOR ALL.

in some parts of the course, and gales or strong

winds in others. Air, like other elastic fluids, seeks

to regain, as soon as it has been by any means

disturbed, a condition of equilibiium, so that the

,-—I v^^^

Fig'. 1.—Illustrating Area of Low Pressure,

greater the amount of disturbance, the more rapid

is the rush of wind to fill up the difference ; in

other words, the steeper the gradient the stronger

the wind.

Having now explained the rules by which both

the direction and force of the wind are governed,

and it being a fact patent to every one that it is on

the wind that our different classes of weather de-

pend, it is necessary to revert to the cyclones and

anticyclones, and show how they act, and react, one

against the other.

Anticyclones are, roughly speaking, fine weather

.systems ; they are accom])anied by cold weather in

winter, and hot in summer by light airs, and great

" absolute " dryness, so that though fog is often

prevalent, rain is exceedingly rare. The rarest, but

still by no means uncommon form of anticyclone,

is shown in Fig. 2, where the isobar 30-4 inches

encloses a space including the south of the British

Isles, the Channel, and north of France ; the district

where the very highest readings are found being

probably somewhere in the neighbourhood of the

Bristol Channel. To the south of this point, it

will be seen that easterly breezes prevail ; while

at Valentia there is a southerly breeze ; in the

noith a westerly breeze, over North Germany a

northerly breeze, and in Noith France a north-

easterly breeze, showing distinctly the circulation

with the clock hands referred to before. With such

a system very fine weather would prevail in the

summer, the nights would be cool with slight frost

on the ground, but the days clear and cloudless

;

while in the winter-time fog and mist woidd be

reported, and very sharp, dry frost would pre^ail.

It was such a system that we had over us during

the first week of the May of 1879, when the only

seasonable weather of that extraordinaiy spiing

was experienced. In London, unfortunately, Ave

lay on the southern side of the anticyclone, so that

the easterly breeze was felt all the time, but in

Scotland, where the westerly breeze prevailed,

temperature was highei', and the weather more
genial. A more common form of anticyclonic

system is that shown in Fig. 3, where the isobar,

30 1 inches, lies over the Bay
of Biscay, and west and north

of France, while low pressui'es

are reported from the north

of Scotland. In this case the

easterly breeze to the south-

ward of the area is not

shown. The westerly current

is shown over the whole of

splitting up into two sec-

our shores ; in the east of

France, it retains its anticyclonic character, and

draws into north accordingly ; but in Denmark
and Norway it becomes slowly and gi-adually

cyclonic, drawing into south at Skudesnaes, and

these islands, but

tions after passing

So 2

Fig. 2.—Anticyclone.

into east at Christiansund. In Fig. 4 is shown a

complete reversal of the conditions in Fig. 3. Here

the highest pressures, 304 in., are shown over

the north of Scandinavia, while readings slowly
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decrease southward, and are lowest over the Penin-

sula. There is consequently in this instance no

westerly wind, a general easterly current prevailing

over the whole of Westei'n Europe ; but judging

Fig. 3." -Anticyclone ia S.

from the experience gained when the different

atmosplieiic phenomena are well within the bounds

of our telegraphic area, it may safely be asserted

that over the Atlantic to the nortli-westward of the

British Isles the wind draws into south-east, being

pai-t of the circulation round the anticyclone in the

north, and that over the Atlantic off the Spanish

coast north-easterly breezes must prevail, being part

of the cyclonic circulation round the low pressure

in the south. Other cases could be quoted where

the anticyclone lay over Denmark and North
Germany with southerly breezes all over Western
Europe, or off our western coasts, bringing

northerly breezes to all stations, but the main
features are the same in every instance, and a

general idea of the weather and winds of all areas

of high pressure may be gathered from an atten-

tive study of one example.

Cyclonic .systems may be described as bad weather

.systems. To nearly the whole region which they

cover they bring much moisture and a large amount

of cloud and rain, though on their western sides,

that is, where the north-westerly wind prevails, the

sky is generally moderately clear, though the weather

is showery. Cyclones, on account of the dampness

of the air within them, occasion warm Aveather in

winter, and cool, wet weather in summer. These

systems travel, as a general rule, A'ery much more
quickly than anticyclones, the velocity of the

centres which advanced over these islands on

November 10th, 1875, and March 12th, 1876, nearly

reaching the extraordinary speetl of seventy miles

an hour, but it is desirable to explain that the rate

of motion of the storm centre has very little to do

with the strength of the winds which surround it

;

they, as has been before mentioned, depending en-

tu-ely on the steepness of the gradients. In Fig. -5

Fig. 4.—Anticyclone in N.

is shown a very good example of a winter cyclone ;

the small central area of lowest pressure lies over

Wales, while from that point the barometer

gradually rises till it reaches 30 in. over North

Spain, and 29-6 in. in Norway. The circulation
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©f the wind {against the clock fuinds) is exceedingly

plainly shown, while the effect of the crowding

together of the isobai"s in increasing its strength is

very visible. The lines are closest together on its

5.—Winter Cyclone.

southern side, and gales (denoted by the feathers

on the wind-arrows) are reported from the Bristol

Channel, the English Channel, and the Bay of

Biscay ; they are close together, though less so than

in the south, on its north-eastern side, and gales

are reported from Scarboro' and Shields, while else-

where, gradients being slighter, the wind, though

strong, does not reach the force of a gale. As
regards the weather which siuTounded this centre,

the reports from the various stations showed that

the sky was overcast, or very nearly so, in all parts

of our islands and the adjacent countries, while

heavy rain had occurred in all parts of the kingdom.

It must be mentioned, however, that though this

example is an exceedingly good one, and that

duriiig the winter half of the year very similar

storms frequently pass over these islands, yet all

cyclones are not like the one figured ; many are

so small as to be scarcely traceable, and affect the

weather only over a very small and limited area,

bringing a shower or two, or a slight thunderstorm

to a few stations.

As a general rule cyclones pass over these islands

from west to east, and appear to be most frequently

generated over the Atlantic, though it has not yet

been conclusively proved that a particular depres-

sion may not, after affecting the American coasts,

pass right over the ocean and appear on the shores

of the British Isles. It is, at least, certain that the

majority of our storms arrive from the Atlantic,

and it is mainly on this account that weather fore-

casting in these islands becomes such a hazardous

matter. As soon, however, as the motion of storms

is discussed, it is necessary, instead of ti-eating of

the two systems, the cyclones and anticyclones,

separately, to combine the two and to notice the

constant relation which exists between them. Anti-

cyclones api)ear to have a certain governing power

over the direction of the motion of cyclones, the

general course of storm centres apparently coincid-

ing with the direction of the winds around the

dominant area of high pressure, so that given con-

ditions similar to those in Fig. 3, it would be

safe to predict that depressions would pass from

west to east

—

i.e., from the Atlantic over Westei*n

Europe. With such a distribution of pressure in

summer the cyclones would probably be of small

importance, and light western breezes would prevail,

with occasional showers in the west, while if the

season were winter, cyclones similar to that shown

in Fig. 5, biinging heavy rains and gales, might be

expected. Supposing such conditions existing, and

that a serious depression wei'e coming on, the first

indication would be the ajipearance of cirrus clouds

in the extreme west ; the wind in the west of Ireland

would then back from the anticyclonic westerly

wind to the cyclonic southerly or south-south-

easterly wind ; the sky would become overcast,

temj^jerature would rise, and rain would commence.

As the centre came nearer, the wind would in-

crease in force, but as soon as the actual area of

lowest pressure was over the station, calms would

prevail, to be followed by a sudden north-westerly

squall (as the Avestern side of the centre passed over),

a heavy shower of rain or snow, and an exceedingly

quick fall of temperature. These changes would

take place at each station over which the centre of

the storm passed, while they would be experienced

in a more modified degi-ee throughout the whole of

the area over which the influence of the storm was

felt. It is worthy of remark that the clearing of

the sky after the passage of a depression is much
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more complete when that depi-ession is quickly

followed by a second, than when the weather is

about to permanently impi-ove ; in fact, an exceed-

ingly clear, bright night after a stormy day is, in

winter, the reverse of a favourable prognostic of

fine weather for the morrow.

Sujiposing that the distribution of pressure were

similar to that given in Fig. 4, then by the same

rule depressions should ajjpear over North Germany,

and travelling westward pass across France to the

Atlantic, but as a matter of fact it is exceedingly

seldom that such a change takes place. The wind

in the south-east may back to north or north-east,

the barometer may fall decidedly, gradients increase,

and easterly gales be experienced, but a well-detined

area of low ])ressure travelling from Centi-al Eniope

across France has seldom been traced, a circum-

stance which supports the argument that most

serious storms are genei-ated over large tracts of

water. WJien the anticyclone is shown in the

west, the depressions pass from north to south, or

nearly so ; when in the east from soiith to noi-th,

showing that the general course of depressions is

the same, or nearly the same, as the direction of

the wind round the anticyclone, so that in order to

know the probable point of appearance of the l)aric

falls, it is primarily necessaiy to be sure of the

position of the governing area of high pressure. It

is to this fact that the following rough rule owes

its origin. It has been asserted by distinguished

meteorologists, that in nine cases out of ten it is

safe to say that if it has i^ained to-day it will rain

to-morrow, and vice versa. This dictum, is war-

i-anted by the fact previously qixoted, that anti-

cyclones when once formed have a great tendency to

remain stationary, or nearly stationary, over the

place of their origin, so that it follows, as cyclones

are continually passing round the margins of these

areas of high pressure, a station which is within

their influence, and has experienced the rain and

cloud of one, will in the natui-al order of events

experience a recurrence of these visitations with

each succeeding depression, thus having the same

character of weather for a shorter or longer period

according to the time of duration of the anti-

cyclone. A striking example of the truth of this

nile was given in the long and se^'ere winter of

1878-9. Time after time it v,'as hoped that the area

of high pressure in the north had been dissi^mted,

and the consequent easterly -winds had disappeared,

yet the anticyclone leappeared over Northern

Europe, and north-easterly winds returned with

frost and snow.

Situated as are the British Isles, an immense

amount of judgment and experience is required

to accurately foretell the weathei'. It has been

pointed out how the two governing systems—the

cyclone and the anticyclone—affect our weather,

and also how the cyclones travel when once the

anticyclone ha,s been formed ; but to be able to

tell how long an anticyclone will last when formed,

how serious or slight, how rapid or slow a cyclone

may ultimately prove to be, which is only just

impinging on our coasts, has up to the ])i-esent

time proved an insoluble problem to meteorologists.

It is more than probable that even after gieat

advances have been made in the science of meteor-

ology, diurnal forecasting \n\\ continue, at least for

Western Europe, to present the same interesting

cases of failure which at present distinguish it

;

but, on the other hand, seasonal forecasting might

at any moment step into almost absolute certainty.

The rejiorts of the weather experienced in various

parts of the world during the year 1879 furnished

many instructive features. All oxev Western

Europe the winter and spiing were characterised

by veiy great severity, right down into Southern

Europe, snow-storms and frost prevailed until the

year was well advanced, while the sea on the shores

of the Levant was at one time coated with ice for

some miles from the land. In China, also, easterly

gales of exceptional severity have prevailed with ice

and snow in many parts of the country. This

general inclemency, it is almost certain, must be

accounted for by cosmical or other phenomena out-

side the earth's surface, and such phenomena having

probably regular periodic changes, the elucidation

of the problem might at any moment be i-eached.

With diurnal forecasting, on the contrary, where

the weather of the day depends on the coui'se and

intensity of an apjiroaching and imperfectly-known

factor, very great uncertainty must always exist.

The accident of the ajiplication of electricity to sig-

nalling ])ui-poses, combined Avith great experience in

past weather changes, has indeed enabled lis often

to form a correct estimate of the probable weather

by the atmospheiic changes which are already iu pro-

gress ; but it is moi'e than likely that meteorolo-

gists will sooner be able to say with certainty that

such and such a future season will be wet or dry,

warm or cold, than that such and such a future day

will be fine or unsettled.
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LODGERS A^ro BOAEDEES IN LOWEE LIFE.

By Andkew Wilson, Ph.D., F.E.S.E., etc.

THE chai-acter of the " parasite " is one whicli

from classic times has been deservedly held up
to ridicule and scorn by the universal consent of

humanity. The cringing, dependent, and fawn-

ing servitor, dancing attendance upon the heels of

usually a tyrannical patron, constitutes a pictui'e in

Fig. 1 —Hermit-Crab.

favour of which no one may feel prepossessed ; and

the genei-al idea of such a relationship is that of a

contemptible alliance betwixt master and servitor,

calculated to effect no good work upon their human
suiTOundings. The term '•' parasite," as applied in

lower life, whilst it possesses certain analogies with

the human state so called, nevertheless exhibits a

widely different aspect when its entire features are

taken into considei-ation. Tlie animal pai-asite, in

tlie majority of cases, is unquestionably, like its

human representative, a degraded creatiu'e. It will

be found most frequently to have lost Avhatever

independence it once jwssessed, and to have merged

its existence in a .slavish dependence on its host.

In not a few cases, this dependence will be found to

have proceeded so far, that the parasite has become

stomach-less and mouthless, and feeds itself, as best

it may, on the fluids which its host elaborates for

personal use. Tliorough degradation may thus be

said to folloA\' the adoption of a parasitic life in

cases where such an existence is best typified in

the animal world. But here the comparison of the

human and animal dependent may be lawfully said

to end ; and at this stage the differences begin, on

the other liand, to be plainly apparent. The parasite

in higher life is at the beck and call of his master,

__ and is bound to respond to

eveiy whim and caprice of liis

^ ownei". Not so the parasite in

lower life, which exists usually

as a source of irrita,tion, and

often as a cause of disease to its

;niinviting, and it may be un-

conscious, host. The human
dependent may, it is true, exist

for his own ends, and may ulti-

mately benefit himself through

his despicable ways and through

the petty meannesses of his life.

But such advantage may be said

to be the invariable rule of the

parasite in lower life. The
latter not only lodges, but

boards at the expense of its

host. It obtains lodgment and

food in the easiest fashion and

in the cheapest manner. It is a

pei-sistent " bad lodger " which

not only pays no rent, but

may, in the course of its existence, benefit itself by

the physical ruin of its benefactor. Sindbad's "old

man of the sea " was not a more persistent teaiant

on that hero's shoulders, than are most pai'asites on

or Avithin the bodies of their hosts. And, unfoi'tii-

nately, the latter may hardly be shaken off as was

Sindbad's ancient burden; inasmuch as,when parasi-

tism has become the way of life of a living organism,

the law that "habit" becomes " a second nature"'

receives a new illustration, and the pai"asitic exist-

ence, once begun, tends to become the perpetual and

normal life of the dependent being.

Thus much by way of comparison of a way of

human existence Avith a cui-ious 2)athAvay of animal

life. Let us endeaA-our, in the next place, to gain

some ideas of the structure and development of cer-

tain typical parasites, and thereafter seek briefly to

discuss the probable origin and laAvs of parasitic life

at lai'ge. In sucli a zoological ramble Ave may light

upon fjicts AA'hich may not only " feed the curious
*
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within us, but serve the higher mission of intellectual

nurture, in providing food for thought and wise

reflection.

Some simple cases of parasitism may first engage

our attention, since these less complicated relations

betwixt animals may serve perchance to show how

the more complex associations have been acquii-ed.

Many cases are known to naturalists in which one

animal attaches itself to, or merely associates itself

with, another animal of widely different kind.

Such association is not only of constant and invari-

able occurrence, but is moreover inexpli-

cable, save perhaps on the idea of a chance

companion.ship, which, under the iiafluence

of habit, has become a sworn friendship.

No better example of such association could

be found than that of a certain species

of sea-anemone (Adamsia palliata) which

attaches itself to the shells in which her-

niit-crabs (Pagurus Prideauxii) ensconce

themselves after the manner of their kind

(Figs. 1, 2, 3). Invariably we find crab

and anemone dwelling together; the former

toiling along, house on his back, and his

anemone- friend, securely posed on the

house in turn, is carried about much as

the accompanying illustration (Fig. 2) de-

picts a colony of tube-worms bonie on the

shell in which the crab resides. Between

these "messmates," as they may be termed,

the best of understandings appears to exist.

Constant association, perpetuated from

generation to genei-ation, has perfected re-

lations of a friendly character between

crab and anemone. The crab has been seen

to feed the anemone by aid of his long

nippei-s, and to remove the anemone to

a new and larger shell when, through his

physical increase, a cliange of quarters

was demanded. Here there is association, which,

if it may hardly be termed beneficial in so far as

the crab is concerned, nevertheless presents us

with an instance where the parasite or anemone
has contracted a persistent habit of attachment.

Such a habit, pui-sued in other cases, may lead, as

we shall see, to the beginning of tiaie parasitism.

Of a more intimate kind, and more nearly ap-

proaching pai-asitism itself, is the relationship

known to exist between such animals as sea-ane-

mones and certain fishes, and between such molluscs

as mussels and certain small crustaceans named
"pea-crabs." Any visitor to the seaside who has

touclied tlie outspread tentacles of a sea-anemone,

knows full well how quickly the animal reti*acts

the feelers, and contracts its entire frame. The

object of such sensitiveness is not far to seek.

Since the prey of the anemone—consisting of

crabs, whelks, and all unwary creatures which may
stumble across its tentacles—is captured by the

tentacles, and, primarily, through the warning

which the property of sensation gives to the feelei-s

of the animal, it would be therefore a perfectly

jiist assertion to say that a sea-anemone is a highly

sensitive animal, and that objects toucliing its

Fig. 2.—Hennit-Ci-ab and Tube-Worms.

tentacles are readily and quickly seized and en-

gulphed within its sac-like body. But what may

be said of the relationship between certain tropical

sea-anemones of large size, and some small fishes,

whose habitual dwelling-place appears to be the

interior of the anemones' bodies, and which

swim in and out of the mouths of the-ir hosts at

will ? Nor is the case any the less sin-prising Avhen

we find it asserted on good authority that the

anemone may contract its body, enclosing the fish,

and thereafter expanding itself, allow its "mess-

mate " to swim freely about, only to return again,

liowever, to its strange but habitual dwelling-

place. Considering the ra2)acity of ordinary
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anemone-character, as illustrated by the seizure

of food, how may the imnnuiity of a fish which

has ventured not merely into the lion's jaws, but

into its very stomach, be accounted for] Once

again we are forced to fall back upon the idea

of "habit, use, and wont," as inducing such an

harmonious relationship. It might be suggested

the "pea-crabs" (Fig. 4), those minute crustaceans

which occur not merely within the shells and bodies

of mus-sels, but are also found as lodgers within

the breathing-chambei-s of the "sea-squirts" or

Ascidians (Figs. 5 and 6). How or why these

crustacean intruders are tolerated amongst the

sensitive tissues of their hosts, is another mystery.

I

Fig. 3.

—

Heemii-Crabs Tighting.

that the fish may benefit from the easy terms on

which it may obtain food witliin the stomach-sac of

the anemone. If this view be correct, then the case

may truly be described as that of two "mess-

mates;" but the details appear as strange and

curious after this suggestion as before. Such a

case may show how parasitic habits might be in-

augurated in the case of an animal more likely to

become wholly dependent on a host than the fish,

since the partial dependence of a likely animal on

the anemone might be rejilaced by a fuller and

more complete life of ease and indulgence.

Somewhat resembling the preceding case is that of

inexplicable as to its origin, and equally mysterious

in its continuance, save on the supposition that

custom has habituated the mollusc or sea-squirt to

the presence of its guests. Pliny of old, indeed,

credited the pea-ci'ab with the func-

tion of pinching its landlord by way
of warning him against the inroads

of other and perchance less wel-

come intruders ; but the suggestion

does more credit to the classic

naturalist's ingenuity than to his knowledge of

animal psychology and relationships. Tliat the

pea-crabs are mosi probably " lodgers " only,

Fig. 4.—Pea-crab.
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and not boarders, within the sea-squirts at least,

seems a likely idea, from the writer's own observa-

tion of the habits of these crustaceans. Pea-crabs

may be seen to emerge at night from .sea-squirts

Fig. 5.—Simple Ascidian (A. microcosmus).

kept in an aquarium, to feed on the floor of

the vessel or tank ; the crabs retreating to their

shelter, on being alarmed, with a rapidity which

speaks volumes at once for their familiarity with

their place of refuge and for sea-squirt tolerance

with lively lodgers.

In these cases, a habit of association has clearly

been contracted, with the result of invariably in-

ducing the stated companionship of two animal

forms, widely separated from each other in point

of structure and rank

in the zoological cate-

gory. We may now
proceed to note the

details of some cases

in which this associa-

tion has developed

into a still closer inti-

macy, and in which

the limits and territory of true parasitism may
be said to be attained.

Amongst the parasites that infest the human
territory, and that of higher animals at large, the

tapeworms are pei"haps the best-known examples.

These organisms inhabit, as their special sphere, the

intestines of man and other warm-blooded animals

•—^namely, quadrupeds and birds. They may attain

a length of many feet ; and when scientifically ex-

amined, each tapeworm is seen to consist of, firstly,

a very minute " head," armed with booklets and

suckers for adhesion to the intestine ; secondly, of

a slender portion composed of imperfectly-formed

96

Fig. 6.—Social Ascidian (A.
pedunculata)

.

joints, the so-called "neck;" and, thirdly, of numerous

flattened "joints," of oblong shape. It must be first

noticed that the "joints " do not correspond to the

joints or segments of an ordinary worm. In the

tapeworm, indeed, each joint is really

a semi-independent animal ; and the

whole worm, instead of being a single

organism, is thus in reality a collection

or colony of beings. The " head " is

the most pei-sonal part, so to speak,

of this comjiound organism, since the

joints are produced from the head and

neck by a veiitable process of "bud-

ding." Each fresh joint appears to

be produced between the head and the

already-formed segments. And as this

process of growth may be said to pro-

ceed continuously during the lifetime

of the organism, we may readily enough

understand how the tapeworms may
attain the length and dimensions they

fiequently exhibit.

The tapeworms have little to boast of in the way
of structure or organisation. The head contains

the main masses of the nervous system, which send

two nervous filaments backwards through the

joints, and two main tubes or " water-vessels " run

one down each side of the body. Each "joint"

may be described as simply a receptacle for the

development and production of eggs. In each

joint we see the gi-eatly-branched " ovary " or egg-

producing structure, within which thousands of

eggs—destined, under favourable circum&tances, to

produce as many tapeworms—are developed. Thus

we clearly appreciate the almost unlimited fer-

tility of these animals, when we discover that the

organism consists of many segments, each capable of

producing its thousands of eggs ; whilst each egg

that undergoes full development is invested with

the power of giving origin in turn to a tapeworm-

organism composed, as before, of its hundreds of

joints.*

What is the life-history of such an organism?

is a query which may best be answered through a

study of its development. Liberated from the body

of their host, the joints of the tapeworm, through

their decay, disperse their minute eggs abroad.

The eggs, to undergo development into tapeworms,

requii-e, however, to pass the fii-st part of their exist-

ence in a diSerent animal from that in which they

are to reside as mature tapeworms ; that is to say,

the egg of the common tapeworm {Tcenia solium),

* See Figs. 3, 4, 5, pp. 371. 372, " Science for All, ' Vol. I.



378 SCIENCE FOR ALL.

which inhabits the human digestive system, would

come to nothing were it to be swallowed by man.

For its due development, it requires to be first

swallowed by a warm-blooded animal, as a first

host—the animal in question being a pig. Swal-

lowed by the pig, the egg of the tapeworm soon

libei-ates from its covering a little " embryo " pro-

vided with six booklets. This young tapeworm

shows no disposition to develop the characteristic

form of its parent within the pig, but at once pro-

ceeds to bore its way through the walls of the

animal's stomach, and to take up its abode usually

in the pig's muscles, or it may be in the liver,

brain, or some other organ. Here it becomes a

" resting-larva." It develops around its body a

sac or bag containing fluid, and is now known as

the " scolex." Already we may perceive a minute

head and neck, but no further traces of the mature

tapeworm are to be seen. Here, also, it can attain

to no further development. Its career within its

pig-host ends thus ; and if the pig should die a

natural death, and be buried, the "resting-young" of

the tapeworm would share the fate of disintegration,

destruction, and decay, which would, in the latter

event, await the tissues of the pig. Let us imagine,

however, that, instead of the unlooked-for and un-

usual contingency above noted, the pig's muscles

are in due season converted into pork, and that

man partakes of that conuuodity, especially in an

uncooked or imperfectly prejiared condition. Then,

each "resting-tapeworm" within its sac, and derived

from the muscles of the pig, receives a fi'esh start

in life, and enters upon the concluding phases of

development. For, when swallowed by man, the

little sac is dissolved. By means of its booklets, the

resting-larva attaches itself to the lining membrane
of the digestive system. Next ensues a process of

budding. Joint after joint is duly produced ; and

the form of the mature tapewonii, with its eggs

ready for development, as we at first beheld it, again

appeal's in the round or cycle of development.

Such is the curious story of the development of

these parasites. The main features of that bio-

gi'aphy consist in the remembrance of the facts that

these animals possess two hosts, antl that they do

not attain full development in the animal which

first harbours them. Thus, from the resting-larvae

of underdone or " measly " pork, maai derives the

common tapeworm. From underdone beef he may
obtain another kind of tapeworm, the first stages

of whose existence are thus spent within the

econo.ny of the ox. The young of the tapeworm

commonly found in the dog and fox inhabit

the liver of the rabbit ; another parasite of the dog

being obtained from the brain of the sheep. The

cat obtains its pai-asite in the most natural fashion

from the liver of the mouse or i-at. And man, in

turn, may act as a first host when he hai'bours in his

liver the dreaded " hydatids," which are simply the

immature young, or resting forms, of a tajieworm

attaining maturity in the dog. No more curious life-

history than that of a species of tapeworm
(
Taenia

ciicumerina) can well be imagined ; this parasite

inhabiting the dog's digestive system. The resting-

young of this tapewoi'm inhabit the body of the

dog-louse—which is duly swallowed by the dog in

the act of cleaning his coat—and there becomes the

full-grown tapeworm. The eggs of this mature

parasite are in turn swallowed by the dog-lice, and

become the resting-young which ai'e destined to

repeat the history through which their progenitors

have passed. Here there is seen parasitism within

parasitism ; and, to say the least, it would be a

puzzling task to account for the origin of the some-

what complex relationship which has thus been

developed betwixt the louse, the tapeworm, and

the canine host, which protects the one and gives

shelter to the other.

Equally interesting, and in some respects similar

to the development of the tapeworms, is the history

of the flukes (Fig. 7, a). Every one has heard of

these flat-bodied " worms "—each comparable to a

single joint of a tapeworm—which inhabit the bile-

ducts and liver-tubes of the sheep, and produce those

symptoms of emaciation and disease in that animal,

collectively known as the " rot." Tlie eggs of the

fluke escape into water, and give birth to young, or

embryos (Fig. 7, b), which at first swim freely about.

Soon the young fluke loses its locomotive powers, be-

comes a tadpole-like being, and enters the body of a

fresh-water snail. There it remains quiescent, but

undei'goes changes which bring it nearer the condi-

tion of fluke. When the snail is swallowed by the

sheep in the act of drinking—or it may be A\hen the

young flukes escape from the snail into water and

thus gain ready access to the sheep's economy—the

final stage in development is duly brought about

;

and the young flukes, making their way to the

liver of the animal, become perfect and mature

beings. Thus we see that, as in the tapeworms, so

in the flukes, two hosts are required for the due

develojjment of these parasites ; and it may not be

amiss to i-emai'k in passing upon the fortunate

nature—in so far as the higher animals or final

" hosts " are concerned—of tliis arrangement. But

for the thousand and one chances of destruction
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•which await the eggs of these parasites, and for the

chances which tell against their successful lodgment

in their first hosts, and also against then- success-

fully overcoming the difficulties of their complicated

development, man's estate would be simply overrun

Fig. 7—Development of Liver Fluke.

A, Sexually mature (after Blanchard). B, Embryo (after l.euckart).

with these organisms, and higher animal life at

large might well fear rapid extermination.

Instructive and interesting also is the account

of the development of the notorious Trichina,^''

which is capable of causing grave symptoms or

death by its attack. This parasite is a minute

thread-like worm, which, as it exists in the vms-

cles of man, of the pig, or other animals, is im-

mature and harmless. When the flesh of the pig,

for example, containing these trichinae—which lie

coiled up each Avithin a little " cyst " or bag—is

eaten by man, a Avondrous activity is exchanged for

their previously inert condition. These parasites,

set free within the human stomach, rapidly produce

their young by thousands. These young are de-

barred by the laws of their development from

attaining any further advance in life before passing

a term of pupilage, so to speak, in the muscles.

Hence arises the danger of trichina-visitation ; and
then comes the tug of war. For the rising genera-

tion of these parasites, produced in the stomach, now
bore their Avay through the tissues to a resting-

))lace in the muscles, and in the act of migi-ating

cause pains and illness often of a .serious character.

Once settled down in the muscles, all danger, how-

* See Fig. (5, p. 372, "Science for All," Vol. I.

ever, is past. For each worm develops around

itself a sac or bag, wherein it lies ensconced until

swallowed by another warm-blooded animal—an

utterly unlikely fate in the case of man's muscles,

the parasites of which Avill simply undergo degene-

ration, and be ultimately converted into so many
specks of lime.

What are the lessons which a subject, that at

first sight might be deemed of unsavoury kind,

seems well calculated to teach us concerning para-

sitism and its origin 1 Briefly summed up, Ave may
say that, fii-stly, parasitic habits are certainly not

of original nature, but have been acquired—in other

Avords, the jiarasite Avas not ahvays attached and

helples.s, but Avas once free and dissociated, and

acquired its dependent habits in consequence of

some alteration in its way of life Avhich benefited

its race. How may such a statement be supjiorted ?

is a natural enough inquiry. I reply, by the

consideration of the A^arious graduated stages and

modifications in parasitism, and by the life-history

of parasites at large. We may trace every stage in

the parasitic dependence, and in the degree of

intimacy Avhich exists betwixt hosts and lodgers.

From the simple condition of mere lodgment and

attachment (as in the case of the anemone and

hermit-crab), to that of "messmates," or pure

"lodgers," is an easy transition. The fishes liA-ing

Avithin the anemones, and the pea-crabs Avithin

mussels and sea-sqim-ts, exemplify cases of the latter

description. In these instances, there is an associa-

tion more intimate than that existing betAveen the

anemone and crab ; and although there is an inde-

pendence of host and lodger, there are to be traced,

nevertheless, the beginnings of truly parasitic habits.

The tapeworms and their allies, as true pai-asites,

illustrate beings Avhich haA'e undergone great modi-

fication of their parts and organs, and Avhich, liaAing

gradually accommodated themselves to their sur-

roundings, have become lodgers and boarders, feed-

ing themseh'es at the expense of their hosts.

But Ave gain still clearer ideas of the originally

free and non-parasitic state of animal lodgers and

boarders, if we consider the meaning of the free

stages Avitnessed in their deA-elopment. No better

illustration in support of this latter idea, that their

development affords a clue to the Avhole historA' of

parasites, could be cited than that of SaccnHna

(Fig. 8, b)—a low form of crustacean, and a kind of

poor i-elation of crabs, shrimps, and their allies. The

sacculina exists as a l)ag-like growth on the bodies

of hermit-crabs. It may be described as a bag of

eggs and nothing more, attaching itself by root-like
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processe. to its host, from whose tissues it absoi-bs

its nourishment. From its structure as an adult

sacculina, indeed, we coukl not guess its true nature,

seeing that it possesses few or none of the ordinary

belonffinjjs of the animal creation. But if we watch

Fig. 8.—Development of Sacculina (after Haeckel).

A, Larva; B, Mature Animal.

the development of one of the many eggs this bag-

like being contains, we may then hazard a guess as

to its nature and concerning the history of its past.

Each sacculina-egg gives birth to an active little

creiiture, named a Nauplius (Fig. 8, a). This little

being possesses three pairs of legs or feet, an oval

bod}', and a single or cyclopean eye. Soon the body

becomes enclosed in a "shell;" the front jiair of

limbs increases at the expense of the others, which

are cast off; whilst six pairs of swimming-feet are

developed in their place. Ultimately, these little

creatures attach themselves to their crab-hosts ; the

limbs drop off; the two front limbs remain de-

veloped, and become altered to form organs of adhe-

sion to their hosts ; and the body itself finally

assumes the form of the sausage-shaped organism

we see in the adult sacculina (Fig. 8, b).

Thus, if " development " may be trusted as a

criterion of the history of the sacculina race, we
may believe that at first these parasites were re-

presented by free-swimming beings resembling the

" Nauplius " (Fig. 8, a), which now appears at the

first stage in their lives. And it may with equal

justice be assumed, from the facts Avhich nature re-

veals to us, that the fixed and rooted Sacculina is

itself a later product of development, and appears

as the result of altered habits and of a changed

way of life on the part of the original race. Such
conclusions, though merely hypothetical, are not un-

supported by the history of other animal forms. On
the contrary, change and vai'iation may be regarded

as representing factors and means of normal kind

in inducing alterations in the structure and habits

of living beings. No one may doubt the existence

and operation in the world of life of laws which

direct animal and plant forms along the "grooves

of change." Our difficulty lies, not in determining

the existence of these laws, but in reaching the

" law within the law," on which the degi-ee and

succession of changes depend. Such ideas that

alteration and variation are natural actions of life,

are the result of that wider study of living beings

which has of late years been prosecuted. Of old,

the "fixity" of species and the i^ermanency of

animal and plant forms was esteemed an axiom of

biology. Now, we know that the production of

varieties and races is one of nature's statutory'

procedures, so to speak. We do not yet know, it is

true, the limits of variation in different animals or

plants ; but experience shows us that these limits

probably vary greatly in different species. The
causes of variation are likewise still obscure, but

amongst these causes, we may rank the influence

of surroundings and of changed environments as

of the highest importance. One of many theoreti-

cal conclusions to which the subject of parasites

may, therefore, lead, is that alteration and modifi-

cation of the lives and structure of animals appear

to be a normal occurrence in nature. Under the

influence of new ways of life and of changed con-

ditions, animals once free have become attached as

parasites, and, from the possession of definite struc-

ture and organisation, have become degraded, and

have degenerated to the existing state of many
parasitical forms. Change and modification are

thus seen to be important features in ruling the

destinies of living beings; and no better examples

of this latter fact may be cited than those

illustrating the manner in which the so-called

" vicious circle " of parasite life is perpetually

maintained.
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Life and Growth, 201. 208.

Liglit emitted by the Sun, 75.

Light and Shade, 317 (See Colour-blind-

Lime-light, 210, 212.

Lime-light Gasometers, 214.

Limestone. 163, 164.

Limestone Caves : Stalactites and Stalag-
mites, 203.

Lithofracteur, 329.

Lobster : its Anatomy, 34—41 ; its Organs
of Touch. 307.

Locke, on Dreaming, 23.

Lockyer, J. Xornian : Spectrum of the
Prominences of the Sun, 79.

Lodgers and Boarders in Lower Life
(Parasites) ; by Andrew Wilson, 374.

Longicorn Beetles, Protective Mimicry
in, 292.

Lunar Halo, 61.

JleClintock, Sir Leopold : Polar Ice, 359.

Macnish, Dr. : his Dream. 22.

Madagascar : once part of Mainland, 152,

154 ; Lemurs of, 155.

Madeira (Wine), 50.

Madeira, Island of, 322, 324.
Magic Lantern, 208.

Magnetism, 2.

Maine Boys Tunnel (Gold Drift), 73.
Maize with Smut, 276.

Malay Archipelago : 3Iap of, 152 ; Butter-
flies, 285. 286, 290.

Maldive Islands : Oceanic, 326.
Mains' Polariscope, 354.

Mantis of the Amazon, 293.
Marine Peat, 343.

Mariner's Compass ; byW. Durham, 171.

Markham, Captain : Polar Ice. 3.55.

Marloye's Harp of Wooden Rods, 296.
Marquesas Islands. 324, 3'26.

"Mars' Colours," 46.

Marsh Plants, 346.

Mauna Loa, Island and Volcano, 326.
Mauritius : Oceanic Islands, 325.

Maury, M. : Dreams, 25.

Maury, Commodore : Kain and Evapo-
ration, 2:55.

May, Captain, R.X. : Xorthern Lights, 1.

Meadow Saffron : its Structure, 221.
Mer de Glace. 183, 268.
Meteors, 147. 148.

Methylated Spirit, 48.

Microscopical Biography ; by W. H.
Kesteven, 90.

Microscope : the Lime-light, 214.
Militarj- Engineering, Use of Gun-cotton

in, 334.

Milk Teeth, 1.56.

Milton's Erroneous Description of the
Whale, 89.

Mimicry, Protective. 284.
Mitchell, W. : his Ivy-leaf Tlieory, 11.

Modern Explosives ; by H. Baden Prit-
chard, 3-28.

Molar Teeth, 156. 160.

Moles and Moleliills ; by Edward R.
Alston, im.

Mole's "'Fortress," A: Conventional Plan,
Elevation, and Section of. 167, 169.

Mole-rat, 169.

Monkeys, Feet of, 263.

Monochord, or Sonometer, 297.

Mont Blanc : Glaciers, 268.

Montgolfier's Balloons, 53.

Monsoons, 14.

Moon, The : the Cause of Variation in
Earth's Magnetism, 176; its Supposed
Influence upon the Earth's Inner
Ocean Fluid, 113.

Morlot, M. : Wild Swan, 109.

^Moselle, 50.

Mosses, 341, 312.

Moths: Butf-tip, and Lappet, 129; Protec-
tive Mimicry in, 291.

Mould and Fungoid Plants, Spores of, 275.

Mountain Chains, 152.

Mountains on Oceanic Islands, 322.

Mozley, Canon ; Plasticity of Ice, 271.

Mud, 273 {See Dust).
Murchison, Sir Roderick : his Theory of

the Cut through A\'enlock Edge, 162.

Music, The Physics of ; by Professor R.
Eaton Lowe, 296.

Musical Reed, 303.

Muzzle-loading Guns, 222.

Xadar's Balloon, "Le Geant," 58.

Xaples, Views of Mount Vesuvius from,
237, 241.

Xares, Sir George, R.X. : Polar Tempera-
ture, 118.

Xarwhal, Skull and Teeth of, 159, 161.

Xatural Selection : Protective Mimicry
in Animals, 296.

Xephila Spiders, 180.

Xcrves of Organs of Touch, 262, 305, 306.
Xew Caledonia : Oceanic Islands, 326.

Xewton, Sir Isaac : Compound Xature of
White Light, 125 ; Diamonds, 193.

X'ewts, Reproduction of Lost Limbs in,

311.

Xew Zealand : Oceanic Islands, 326.

Xicol's Prism, 353.

Xightingale Island : Oceanic Islands, 324.

Xitrogen: Investigations of Priestlev,
255.

Xitrogen, Oxides of, 127.

X'itro-compounds : ^lodern Explosives,
329.

Xitro-Glvcerine, 329, 330, 331.

Xobel, Dr. : Xitro-glycerine, 330, 331.
Xoble, Capt.: His Chronoscope, 94.

Xon-edible Insects gaily coloured, 132.

X-ordenskjold, Prof. : Polar Ice, 355.

Xorman, Robert : Dipping Xeedle, 173.
X'orthern Lights ; by G. W. von Tunzel-

mann, 1—6.
Xorthwich, Cheshire, Salt-mine at, 280,

283.

Xuggets, Gold; by G. A. Lebour, 71.

Xygaard Glacier, 183.

Oceanic Islands and their History ; bv
Prof. P. Martin Duncan, 320.

Oceanic Snow-line, 181, 358.
Oil-paint as a Protection from Rust, 242.
Olmsted, Professor : Falling Stars, 146.
"Orange-tip " Butterfly, 135, 286.

Organ-pipes, 298, 302.

Oriole : 'fhe Honeysucker mimicked bv
it, 294.

Orleans or Regent Diamond, 188.

Ornaments, Primitive, 187.
" Overtones," ^lusical, 300.
Ovide of the Primrose, 219.

Owen, Professor : on Probable Fin in
Ichthyosaurs, 139 ; on the Hand, 262.

Oxen. Hoof of, 265.

Oxygen : its Discovery by Priestley, 252

;

Production of, 214.

O.xidising Chamber, for Protection of
Iron from Rust, 247, 248.

Oxy-hydrogen Lantern. 213.

Oxv-hvdrogen Light, 210.

Oysters, 106.

Pacific Ocean : Oceanic Islands, 326.

Pacinian Bodies : Organs of Touch, 305.
Paint, as a Protection from Rust, 211.
Palliser Shell, 221.
Pandean Pipes, 298.

Papilio Merope, 288, 289.

Papilio Paradoxa, 290.

Papilla? : Organs of Touch, 305, 306,

Parasites, 374.
Parry. Sir Edward, Polar Ic3, 3.59.

Passion Flower, Pollen Grains of, 218.

Pasteur: Dust, 275.

Pea Crab, 376.

Peat-bog, A ; by Prof. T. R. Jones. 341.

Peccary, Foot of the, 265.

Peony : its Structure, 221.

Perch, Teeth of, 159.

Perseids {August Meteors), 145.

Person, M. : Plasticity of Ice, 271.

Peters, Dr. : Xovember Meteors, 146.

Pfatf : Plasticity of Ice, 271.

Phosphoric Fluids ; Supposed Origin of
.Shooting Stars, 145.

Photogenic Lantern, 209.

Photographs of Eclipse of the Sun, 78.

Photographic Camera, and Magic Lan-
tern, 208, 209.

Physics of Music; by Prof. R. Eaton
Lowe, 296.

Pianoforte, The, 298, 300, 301.

Pico, Island of, 322.

Pigs, Hoofs of, 26.5.

Pike, Teeth of, 1.59.

Pitt Diamond, 188.

Plain of Marine Denudation, 163.

Plante, M. : Aurora Borealis, 4.

Plants : Mathematics of ; bv Prof. G.
Dickie, 7- 13 : Growth of. 204. 20.5, 206.

Platinum Spectrum and Colour-blind-
ness, 317.

Plesiosaurs, 141.

Pliny, on Rock Crystals, 189 ; Dust, 279.

Pliny the Younger : his Account of the
Destruction of Pompeii, 238.

Pneumatic Trough, 251.
Poison Fangs of Serpents, 162.

Poisson's Supposition respecting the
Earth's Interior, 112.

Polar Floe, 358 ; Section of, 360.

Polar Ice ; by Dr. E. L. Moss, R.X,, 356.

Polariscope, Mains', 354.

Polarised Light, 355.

Polar Sea : its Tempei-aturc, 118 ; Mid-
summer View of, 358.

Pole, Dr. Wm. : his " Colour-blindness,"
316.

Poles of the Earth, why Ice-bound, 118.

Pollen of Flowers. 12, 218, 219.

Pollen, as Dust in the Aii", 276.

PoljT)e, Growth of, 207.

Polypes, Fresh-water, reproduced by
Fission, 311.

Pompeii, its Destruction by the Eruption
of Vesuvius, 239.

Pontanus: Fertilisation of Date-palm, 218.

Poppy. Pistil of the, 219.

Porpoise : its " Hand," 26-5.

Port Wine, 47, 49.

Porter, London. 51.

Potato Crops: Cause of their Failure, 276.

(-SVe Dust).
Potential Energj-, 97.

Pottery, Early Danish, 102, 109.

Pouillet : Cold of External Space, 118.

Power, What is it ? by W. D. Scott-Mon-
crieff, 97, 102, 256.

Prairies, 346.

Precambrian Rocks, 341.

Pressure, Sensation of, 308, 309.

Priestley : his History and Discoveries,
250—255

Primrose, A ; by Robert Brown, 215.

Protective Colours of Animals, 128.

Protective Jlimicry in Animals, 284.

Putf-birds, Butterflies caught by, 28-5.

Pulse, The, 262.

Pulse Glass, 48.

Quartz and Gold X'uggets, 71—74.

Rain : Why the Rain Falls ; by Robert
James Mann. 229.

Rainfall, Statistics of, 235.

Rain Gauges, 235.

Reed Pipes, 303.

Reefs of Gold Quartz. 71, 72.

Reflection of Heat, 122.

Refraction, Relation of Velocity to, 3.52.

Refraction, Double : Iceland Spar, 348.

Regclation of Ice, 270. 271.

Regent or Orleans Diamond. 188.

Reid. Dr. : a Dream of being Scalped, 21.

Reptiles, Great Sea, 137-147.
Reptiles. Protective Colour of, 134.
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" Resonators," 301.

Rhinoceros, Hoot" of the, 265. 266.

Rhine Valley : its Fertile Plains traced
to the Dust of Ancient Glaciers, 182.

Rhine Wines. 51.

Richardson. Dr.: Temperature in Alco-
holic Poisoning, 53.

Rivers: River Action, 165; how they
shift their Beds, 339 ; Delta of, 344.

Right-handedness, 263.

Roberts : Dust, 275.

Rocks. Growth of. 202.

Rock Crvstals. 189, 355.

Rock Crystal Oil, 209.

Rock Salt ; by David Brenmer, 279.

Rodriguez : Oceanic Islands, 325.

Rose, G. : Heating a Diamond, 191.

Rose, Pollen Grains of, 218.

Rozier's Balloon Aso?nts, 55.

Rubies and Sapphires ; by F. W. Rudler,
310, 302.

Rubv-tail Wasps, 152.

Rumford. Count : Heat and Work, 260.

Russia, Black Earth of, 347.

Rust, and Can Science Conquer it ; by
Prof. Frederick S. Barlf, 41^7, 241.

St. George's Hall, Liverpool, Organ, 298.

St. Helena : Oceanic Islands, 323.

St. Lawrence's Tears, 145.

St. Paul's Rocks : Oceanic Islands, 323.

St. Vincent's Island, 322.

Salamanders, 311.

Salt : A Piece of Rockl'Salt ; by David
Bremner, 279.

•' Salt Cake," 282.

Salt Crvstals, Formation of, 283.

Salt Marsh, 347.

Sandwich Islands, 326.

Santa Christina (INIarquesas Islands), 324.

Sap, in the Growth of Plants, 206.

Sapphires : by F. W. Rudler. 340, 362.

Savart : Apparatus for Rate of Vibration,
303.

Scheele, Carl : liis History, Experiments,
and Discoveries, 253, 255 ; Sidphurated
Hydrogen, 253.

Stilly Islets, 151.

S^iopticon, or Photogenic Lantern, 209.

Scottish Shell Heaps. 104.

Sea, The : as the Origin of Gold in the
Earth, 74; why it.is Salt, 25—34.

Sea-Action, 1G5.

Sea-Anemones : Growth of, 207 ; their
Reproduction bv Fission, 311.

Sea Fir (Sertularia) 312, 313; its Repro-
duction bv " Budding," 314.

Sea :Mats (Flustrw), 313, 314, 315.

Sea Reptiles, Great, 137—143.
Sea Sand, 201.

Sea-serpents, 138.

Sea-water artificially prepared, 85.

Secchi : Sun's Prominences, 81.

Seeds of Plants : their Growth, 204.
Serpents : Protective Mimicry in, 293

;

Teeth of {See Sea Serpent, Snakes), 162.
Sertularia, or Sea Fir, 312, 313.

Severn. The : How it cut through Wen-
lock Edge ; bv C. CaUaway, 162-166.

Shark, Teeth of, 159
Sheep, Teeth, Skull, and Hoofs of, 159, 265.
Shell-membrane of Hen's Egg, 195.
Shell-mounds, 102.

Shells, Land, 324.
" Shells, " or Hollow Shot, 222.

"Shell," Section of Common, 227.
Sherry, 50.

Shooting Stars ; by M'. F. Denning, 144;
. Exploded Theories, 145; their Num-

bers and Magnitude, 149.

Shot, Firing a, 91-%.
Shot (See Cannon Shot).
Shrapnell Shell. Section of, 227.

Sidgwick, A.: Protective Coloui's, 131.
Sierra of the Sun, 78.

Sight : ]Max Schultze on the Retina, 307.
Sight (Sec Colour-blindness).
Silted Valley, Peat of, 345.

Silver tarnished by Air and Egg:s, 46.

Silver contained in Gold, 71.

" Siren," Cagniards, 303.
Skate, Jaws of, 159.

Sleep, 20.

"Sliding Theory " of Glaciers, 268.

Slow-burning Cannon Powder, 92.

Smith, Dr. Edward : Etfect of Stimulants
on Respiration, 52.

Smut on Maize, 276.

Smyth, Professor Piazzi : his Photo-
graphs of the Pyramids, 209-

Snakes, Protective Mimicry in, 293.

Snow and the Snow-baU, 202, 270, 358.

Snow-line, Oceanic, 181, 358.
" Snow Bridges," 269, 270.

Sodium Chloride {See Salt).
Solar Heat, 75.

Solar Spectrum, 79, 126.

Solar Storms, 3.
" Soldiers and Sailors " (Telephorse), 292.

Solidification of the Earth, 114.

Solubility of Gases, 250, 2.55.

Sonometer, or Monochord. 296, 300.

Sound-wave from Tuning-fork, 301.
Spar, Iceland, 318.

Spear-heads of Flint, 103.

Specific Gravity Bubble, 33.

Specitic Heat of Water, 68, 122.

Spectra of Various Elements, 126.

Spectroscope, 79, 125.

Spectrum, Solar Analysis, 76, 77.

Spheroidal State of Water, 66.

Spiders. 176-181.
.Splenic Fever produced by Germs, 276.
Spores, Development of, 12.

Stagnant Water, Animalcule in, 90.

Stainton ; on Non-edible Insects, 132.

Stalactites, 203, 205, 206, 208.

Stalagmites, 203.

Stamens of Flowers, 217.

Stars, The : What they are Made of; by
William Ackroyd, 124—128.

Stars, Shooting, 144-149.
Steam, Nature of, 245.

Steam Engine, 99, 100.

Steam used Expansively, Table of, 258.

Steam Super-heater, 247.

Steam "Indicator," 258, 260.

Steam-ships : Horse-power of, 256.

Stems of Plants : their Growth, 204.
Stewart, Prof. Balfour : Variations of

Magnetic Elements, 175 ; Motion of
Glaciers, 272.

Stick Insects, 130.

Stilling, Dr. : Colour-blindness, 318.
Stone Lilies, 163.

Stout, 51.
" Stoved," or fine Table Salt, 282.

Stowmarket Gun-cotton Factory, 336.

"Stream tin," 340.

Subterranean Animals, 166—171.
Sully, Mr., on Dreams, 24.

Submarine Blasting, 332, 333.

Sugar, Crystallisation of, 205.

Sidphur Showers, 218.

Sulphurous Anhydride, discovered by
Priestley, 251.

Sun, The 74—78,115-119.
Sunshine : How it Warms the Earth ; bv

R. J. Mann, 117—124.
Sun Spots, 3, 77.

Sunken Forests, 151.

Swamps, 342.

Symmetry in Animals and Plants, 206.

Tahiti : Georgian Islands, 325.

Taine, M., on Dreams, 25.

Tait, Professor : Motion of Glaciers, 272.

Talbot, H. Fox : Photographic Camera
and Magic Lantern, 208.

Tannin. 49 ; in Wine and Tea. ib.

Tapir, "Hand" of the, 265, 266.

Tarsius, Teeth of, 158.

Tasmania : once part of Mainland, 152.

Teeth ; by Andrew Wilson, 156—162.
Teeth, Decay of, 208.

Telegraphy, Weather, 367.

Temperature of the Earth's Interior, 111;

its Diminution, 114.

Temperature : Why the Rain Falls, 233,

234 ; its Effect on the Absorption of
Gas, 250, 2.55 ; on the Motion of Gla-
ciers, 269, 270, 271.

Temperature, Sense of, 309.

Tenerilfe, Peak of, 321, 322, 324.

Terrestrial Magnetism, 171.

Tetraphis, Teeth of, 12.

Thomson, Prof. Jas. ; Motion of Glaciers,
272.

Thomson, Sir W.. on the Earth's Crust,
114 ; Heat and Work, 260 ; Glaciers, 272.

Thread-cells of Hydra, 308.
Throat-teeth of Rachiodon, 162.
" Timbre," Musical, 300.
Time, in Relation to Work, 256.
"Tinning," 243.
Tokay. 50.

Tone, Musical, 300.
Tonite, 329, 331.

Tools of Fhnt, 102-106.
Tooth Pulp. 160.

Torpedoes, 330, 332, 333, 334.
Tortoises, Gigantic, 327.
Touch ; by F. Jeffrey Bell, 304.
" Touch," in Pianoforte-playing, 300.
Tourmaline Plates. 353.
Trade Winds, 16, 17.

Transylvanian Gold Mines, 74.

Trembley : Growth of Hydrse, 207 ; Re-
production of Fresh-water Polype, 311.

Trimen, Roland : Protective Mimicry of
South African Butterflies, 288.

Tristan d'Acunha : Oceanic Islands, 324.
Tristram, Canon, on Protective Colours

of Animals, 133.

Tropics, The : why frostless, 118.
Tube-worms, 375.

Tufa, Volcanic : Diatoms in, 277.
Tulip, Pollen Grains of, 218.

Ttodras, Russian, 347.

Tuning-fork, 301, 303.

Turf-moors, 341, 344.

Turkish Bath : Temperature, 309.
Tusks of Elephants, 161.

Tyndall, Prof. : Permeability of the Air
by Sun's Rays, 120 ; Motion of Glaciers,
185, 209, 270; Regelation of Ice, 272;
of Ice Crystals. 272 ; Dust, 274, 276, 277 ;

Physics of Music, 300.

Upheaval on Coast-line, 152.

Vapour, 231, 232, 233, 234.

Varnishes on Paint, 242.

Vegetable Life, Persistence of, 89.

Vegetation of Bogs, 342.

Vegetation in Continental Islands, 154.

Vesuvius, Views of, 237, 238, 239, 240.

Vibratile Commotion of Water, 231.

Vines and Vineyards, 51, 52.

Violin, The. 297.

Viscosity of Fluids, 269.
" Viscous Theory" of Glaciers, 269, 271.

Vision, Range of, 229.

Vision (See Colour-blindness).
Visions, 21.

Volcanic Action in the Formation of
Oceanic Islands, 321, 322, 324.

Volcanic Influence on the (ilobe, 273.

Volcano, The Story of a. as told in
History ; by Prof. T. G. Bonney, 237.

Volcanoes, 111—115.
Volcanic Islands, 321, 322, 324, 325.

Voyages in Cloudland, 53—62.

Wanklyn : Specific Gravity of the Atlan-
tic, 30.

Warrington's Aquarium (1849), 89.

Water, 26-30, 51, 62-70, 203, 229, 252.

Water-lily, its Structure, 220.

Watt, James :
" Horse-Power," 256.

Weale, Mansel : Protective Mimicry, 289.

Weather Telegraphy, 367.

Weber, Edouard : Touch, 306, 308.

Wenlock Edge. 162-166.
Whale, The, 89; its "Hands," 264.

Wheel Animalcule, 278.

Whirlwinds, 18.

Whit worth Gun, 223, 226.

Wind, The : How it Changes, by R. J.

Mann, 13—20, 124, 223.

Wind Instruments, 303.

Wine, A Glass of, 47—53.
Wines : Acids of, 51 ; Alcohol in, 50, 51.

Wires, Vibration of, 297, 298, 300.

Wollaston : Iceland Spar, 348.

Woolwich Infant, The, 91.

Work : What is Work ; by AV. D. Scott-
Moncrieff, 2.55.

Worms, Organs of Touch in, 307.

Zinc Rust, 47.

Zodiacal Light, 8-'5.

Zoophytes, Growth of, 207, 315.

CissELL, Petter, Galpin & Co., Belle Sauvage 'Woeks, London, E.C.
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